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Costs and Returns Trends in the 
Gulf of Mexico Shrimp Industry, 1971-78 


The Gulf of Mexico 
Shrimp Industry 


The Gulf of Mexico constitutes the 
most important fishing ground for Unit- 
ed States fishermen in terms of value of 
catch, and shrimp fishing is the most 
important component of the Gulf 
fishery. For example, in 1977 U.S. 
fishermen landed over 5.1 billion 
pounds valued at $1,515 million, in- 
cluding 460 million pounds of shrimp 
heads on valued at $353.3 million. Of 
the latter figure, Gulf fishermen landed 
276 million pounds (60.7 percent of the 
total U.S. shrimp catch in 1977) valued 
at $296.4 million (83.9 percent of the 
value of the total U.S. shrimp catch in 
1977). 

Total volume heads off and value of 
shrimp landings and average shrimp 
price for the Gulf of Mexico since 1956 
are presented in Figure 1. These data 
include shrimp caught in both U.S. and 
Mexican waters. Mexico has instituted 
a 200-mile extended jurisdiction, and 
U.S. vessels are being phased out of 
Mexican waters by 1980. However, the 
effect of this on future landings by U.S. 
fishermen in the Gulf may not be se- 
vere, since recent research has deter- 
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mined that since 1956, U.S. landings 
from Mexican waters have been declin- 
ing, while landings from U.S. waters 
have been in a general upward trend 
(Griffin, 1977). Specifically, annual 
U.S. landings from Mexican waters av- 
eraged about 22 million pounds from 
1956 through 1960, but less than 10 
million pounds from 1970 through 
1975. Also, the proportion of U.S. Gulf 
landings coming from Mexican waters 
has never been high, and has rep- 
resented only 6 or 7 percent in recent 
years. 

As can be noted in Figure 1, both 
value of catch and average shrimp price 
have been highly variable, but the 
trends are upward. The days fished line 
provides an interesting basis for in- 
teryear comparisons (a day fished is 24 
hours of fishing time). In 1959, for 
example, about 176,000 days fished 
produced total landings of about 115 
million pounds. In 1973, landings were 


about the same, but the days fished ex- 
ceeded 255,000. Also, since average 
size and power of vessels have in- 
creased during recent years, actual 
pressure on the fishery is even greater 
than the increase in nominal fishing 
days would indicate (Griffin et al., 
1977). 

Figure | also indicates the long term 
consistency of the Gulf fishery in pro- 
ducing shrimp. Landings have fallen 
significantly below 100 million pounds 
only twice, in 1961 and 1962. Research 
results indicate that variability from 
year to year in volume is highly corre- 
lated with environmental conditions in 
the estuaries when shrimp are young, 
and not from overfishing (Griffin et al., 
1976). This basic dependability of the 
resource has made it possible for the 
Gulf shrimp fleets to weather the 
economic difficulties caused by 
periodic fluctuations in prices and input 
costs. 


Figure 1.—Total U.S. Gulf of Mexico shrimp landings: 
Volume (million pounds), value (million dollars), average 
price (cents/pound), and days fished (thousands), 1956-77. 
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Figure 2.—Volume (pounds) and nominal value (dollars) of 
shrimp catch per day fished, 1956-77 (1977 values are esti- 


mated). 


Effects on fishermen of the trends 
represented in Figure | are reflected in 
Figure 2. The dashed line represents 
average value of catch per day fished, 
by year, for the Gulf shrimp fleet; the 
solid line shows average volume of 
catch in pounds per day fished. In spite 
of the increase in relative power and 
size of vessels, there has been little real 


change in average volume. However, 
average value shows a definite upward 
trend. Where the lines cross, in 1972, 
average price of shrimp exceeded $1 
per pound for the first time. 


Seasonal Variations in 
Catch 


Seasonality is an important aspect of 
the Gulf shrimp fishery, particularly 
when investinent decisions and financ- 
ing arrangements are being considered. 
Figure 3 indicates for the Gulf as a 
whole the approximate seasonality of 
shrimp landings. From this, it is clear 
that the months from January to May 
typically do not provide particularly 
economical fishing conditions. Less 
than 15 percent of the annual catch is 
typically landed during the 4 months 
ending in April. Gulf fishermen are 
generally unable to turn from shrimping 
to other fishing activities during these 
periods due to the lack of a viable mar- 
ket for alternative species of fish or 
shellfish. Hence, operating losses are 
usually incurred during the period, with 


a substantial effect on profitability and 
clear implications for scheduling of 
financial obligations. 

It should be noted that for those ves- 
sels that may fish primarily for pink 
shrimp in Florida waters, the seasonal- 
ity is somewhat reversed, with peak 
landings in the period from December 
through May. Brown and white shrimp 
are predominant in Gulf landings, how- 
ever. Hence the overall seasonality pat- 
tern is not substantially affected by pink 
shrimp landings. 


Report Objectives 


The objectives of this report are to: 1) 
Describe briefly the magnitude and past 
performance of the Gulf of Mexico 
shrimp industry; 2) describe recent 
financial performance of an ‘‘average”’ 
Gulf shrimp vessel, in terms of costs 
and returns and basic investment 
analyses; and 3) summarize data and 
analyses and discuss implications. 


Data Description 


The analyses presented in this report 
essentially represent a synthesis of the 
results of a series of economic studies 
of the Gulf shrimp fishery undertaken 
during recent years by Griffin (1977) 
and others (Griffin et al., 1974; 
Lacewell et al., 1974; Wardlaw and 
Griffin, 1974; Blomo and Griffin, 
1978). The costs and returns financial 
data upon which these analyses are 


Figure 3.—Percent of annual pounds 
landed by months for all shrimp from 
all areas in the Gulf of Mexico, 
1963-71. Source: Griffin et al. 
(1974). 


based were gathered through personal 
contact by researchers with shrimp ves- 
sel owners and/or captains operating 
out of ports in Florida, Mississippi, and 
Texas. Sample size for data collection 
varied from year to vear. Surveys were 
undertaken to accumulate primary data 
for 1971, 1973, 1974, 1975, and 1977. 
Where required, costs and returns data 
were estimated for 1972, 1976, and 
1978. Some general financial informa- 
tion was also obtained from officials of 
various lending institutions which have 
engaged in shrimp vessel financing. For 
the primary data, variable cost items 
were divided into: Ice; fuel; nets, 
supplies, and groceries; repair and 
ii.aintenance; crew shares; payroll taxes 
aud other employee-related expenses; 
anc packing charges. Variable cost data 
reported by the vessel owners were 
used. 

Fixed cost items included: Insur- 
ance, depreciation, interest, and oppor- 
tunity cost. Fixed charges for insurance 
and overhead are reported data, while 
charges relating directly to invest- 
ment—depreciation and interest for 
costs and returns budgets—were calcu- 
lated in nominal dollars for new ves- 
sels. Specifically, the standard formula 
for straight-line depreciation is 
D =(I —S)/L, where D = yearly 
charge for depreciation, / = new ves- 
sel price, § = salvage value, and 

= depreciable life in years. 

New vessel prices were estimated 
from cost data collected from vessel 
owners. Typically, owners were asked 
to estimate replacement cost of their 
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vessels. Depreciation charges were cal- 
culated using straight line depreciation, 
typically with 8-year depreciable life 
and 35 percent salvage value. 

The difference in expected terminal 
value and book value should be spe- 
cifically recognized. As noted, book 
salvage value was usually taken as 35 
percent of original cost, based on ac- 
counting practices in use for the fishery. 
However, expected terminal value is 
generally much higher. The reason for 
this difference is that even in periods of 
minimal new vessel price escalations, 
most vessel owners have been able to 
sell or trade their vessels at the end of 
their holding period for values of up to 
100 percent of the original cost. 

Interest charges for costs and returns 
budgets, and interest and principle 
payments for cash flow budgets were 
calculated using 67 percent debt financ- 
ing at appropriate rates of interest; for 8 
years, with 12 equally amortized pay- 
ments per year. These terms were found 
to be representative from interviews 
with vessel owners. 


Methods Used in 
Analysis of Data 


All costs and returns and other finan- 
cial data for vessels were handled in a 
standardized manner. A systematic 
procedure was established to assimilate 
and tabulate the data for the various 
analyses (Wardlaw and Griffin, 1974). 
Interest rate, percent financed, number 
of years financed, number of loan pay- 
ments per year, depreciation method, 
crew share agreement, rate of packing 
charges, payroll tax rate, discount rate, 
planning horizon, and object year under 
consideration were standardized to rep- 
resent some ‘‘average’’ vessel. This 
procedure is organized in a computer 
program format referred to as a 
budget-generator. The program reports 
results in the form of total costs and 
returns budgets, unit costs and returns 
budgets, and projected cash-flow 
budgets. Basic procedures used are as 
follows. 


Costs and Returns Budgeting 


Costs and returns budgets presented 
in this study are similar to annual in- 
come statements, with a subsection 
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below each showing required return to 
equity capital and returns to owners’ 
labor and management. The formula 
used in calculating opportunity cost 
(required return to equity capital) is 
OC =E(R), where OC = annual op- 
portunity cost, E = equity, and 
R = required rate of return to equity 
capital. Opportunity cost used in this 
study applies to equity capital only 
(vessels in the samples typically rep- 
resented leveraged investments), and 
all returns are measured with respect to 
the equity capital used to gain owner- 
ship of income-generating assets. In 
economic and financial analysis, it is 
important to differentiate between re- 
quired return on investment and returns 
to owners’ labor and management. 

The equity requirement for invest- 
ment in vessels was assumed to be a 
pool of liquid assets which could have 
been invested elsewhere. The rate of 
return for this pool of equity capital 
should be based on the rate on the next 
best alternative use of this capital. 
However, after the investment is com- 
mitted the required return to equity 
capital must be adjusted to take into 
consideration the as..ciated loss of 
liquidity. In general, the more liquid an 
investment, the less the financial risk 
associated with it (Hopkin et al., 1973). 
In other words, since a loss of liquidity 
occurs after the purchase of a shrimp 
vessel, a financial “‘risk premium”’ 
must be added to the rate of return on an 
annual basis for the next best alternative 
use for the equity capital. The ‘‘risk 
premium’’ is somewhat arbitrary in that 
each vessel owner is in a unique situa- 
tion and each has different risk-return 
preferences and investment alterna- 
tives. The risk premium was estimated 
at various levels between 1.1 and 2.0 
percent for the different studies 
reflected in this report. Hence, required 
rate of return in each of the analyses 
drawn upon for this report is made up of 
a base rate, usually determined by the 
yield on Baa corporate bonds, plus the 
financial risk premium (Wardlaw and 
Griffin, 1974). 

There are other types of risk, which 
reflect elements of uncertainty for the 
firm arising from other than purely 
financial considerations, such as mar- 


ket conditions, weather, environmental 
factors, etc. In this study, such business 
risk is assumed to exist but no attempt is 
made to quantify it. 

Returns to owners’ labor and man- 
agement are simply excess returns over 
the fixed and variable costs. No abso- 
lute requirements were applied here, 
although each vessel owner must 
evaluate that item in terms of his own 
abilities. 


Cash Flow Budgeting 


A pro forma cash flow statement 
provides a means of projecting the tim- 
ing and magnitude of cash inflows and 
outflows for the business over a given 
period of time (Hopkin et al., 1973). It 
identifies those periods that may exhibit 
a shortage of cash, and indicates needs 
for securing additional cash. The pro 
forma cash flow also helps identify 
those periods which exhibit an excess 
of cash above projected needs, thereby 
indicating opportunities for other in- 
vestment (including early loan retire- 
ment) to best utilize that excess. Cash 
flow projections are presented for 
specific periods on both monthly and 
annual bases, and illustrate the de- 
mands on cash during a typical calendar 
year and over a planning horizon of 8 
years. 


Investment Analysis 


Investigating the feasibility of any 
investment alternative is a very subjec- 
tive undertaking. Each vessel owner 
must set those standards of perfor- 
mance for the investment which are 
most meaningful in terms of his own 
situation. However, without some set 
of established criteria for evaluation, no 
basis for decision would exist. For this 
study, two methods of discrimination 
were established: 1) Internal rate of re- 
turn to original equity capital, and 2) 
payback period. For one analysis, net 
present value (NPV, or the net value in 
present dollars of the expected future 
income stream, using required rate of 
return as the discount rate) was applied. 


Internal Rate of Return Criterion 


Internal rate of return to equity capi- 
tal analysis is a standard tool used to 





evaluate investments, and is a measure 
of the time value of cash flows. The 
internal rate of return to equity is the 
discount rate necessary to set the sum of 
the present values of the net cash 
inflows per period equal to the original 
equity requirement (Hopkin et al., 
1973). The formula used to calculate 
internal rate of return to equity is 


N 
I= > P,(1+d)~", 
n=1 


where J = initial investment (equity 
requirements), N = planning horizon 
in years, P,, = net cash inflow for a 
period n, d =discount rate which 
equates initial investment and present 
value of net cash inflows, or internal 
rate of return (IRR). 


Payback Period 


The payback period of an investment 
with respect to the equity requirement is 
the length of time that elapses between 
the intial investment and that period 
when the accumulated flow of undis- 
counted net operating returns generated 
by the investment equals the invest- 
ment. 


Results 
Annual Costs and Returns 


The results of annual costs and re- 
turns studies undertaken for the years 
1971, 1973, 1974, 1975, and 1977 are 
summarized in Figure 4. A breakdown 
of costs and a presentation of differ- 
ences in sample size, shrimp price, ves- 
sel financing, and depreciation among 
the five samples are presented in Table 
1. Ineach case, the object year for figur- 
ing fixed costs is the fifth year of vessel 
ownership. 

Profits were experienced by the aver- 
age vessel in 1971, 1973, and 1977. 
However, substantial losses were in- 
curred in 1974 and 1975, with 1974 a 
particularly bad year. A review of vari- 
able costs shows that average fuel costs 
(in recent years the largest single cost 
item except for crew shares) tripled be- 
tween 1971 and 1974 and doubled be- 
tween 1973 and 1974 (Table 1). The 
increasing input prices brought about 
by the energy crisis, accompanied by a 


Table 1.—Average variable and fixed costs in dollars for Gulf of Mexico shrimp vessels, 
50-80 feet in length, all types of construction, 1971-77. 





Item 


1971 


1973 1974 1975 


1977 





Variable costs 
Ice 
Fuel 
Net, supplies, groceries 
Repair & maintenance 


Crew shares 


1,387 
6,561 
2,358 
11,708 


19,437 


1,579 1,541 1,766 
9,539 18,976 19,114 
6,747 9,885 11,211 
9,593 9,337 11,643 
23,723 


26,593 32,422 


2,788 
20,194 
13,131 
11,143 


43,320 


Payroll taxes 
Packing 


Subtotal 


Fixed costs 
Insurance 
Depreciation 
Overhead 
Interest 


Subtotal 
Total operating costs 


Vessels in sample 

Average shrimp price ($/Ib.) 
New cost of vessel 

Percent financed 

Depreciable life (years) 
Salvage value (percent) 
Required return rate’ (percent) 


1,815 


125,059 


81 

2.39 
179,981 
80 

8 

35 
15.00 





‘Reflects a base rate, determined by bond yields, plus a financial risk premium. 
Sources: Blomo and Griffin (1978); Griffin (1977); Hayenga et al. (1974); and Lacewell et al. 


(1974). 


decrease in average ex-vessel price re- 
ceived for shrimp between 1973 and 
1974 and the decline in Gulf wide pro- 
duction in 1973, 1974, and 1975 (Fig. 
1), produced a disastrous financial situ- 
ation for Gulf shrimp fishermen. Those 
who were able to weather the situation 
in 1974 found conditions improving, 
but still uncertain in 1975. Although 
price of shrimp increased significantly, 
the industry was still faced with severe 
adjustments to increasing prices for the 
goods and services necessary to operate 
in the industry. 

One feature of the analyses reflected 
in Table 1 which should be brought out 
is that in each case, the depreciation 
portion of fixed costs may be too high, 
resulting in underestimation of profita- 
bility. The reason for this is that 
whereas sample vessels were depre- 
ciated to 35 or 50 percent salvage value 
over 8 or 10 years, in practice, vessel 
owners have been able to command 
substantially higher prices for used ves- 
sels. 

Figure 4 provides a meaningful in- 
teryear comparison of ‘‘average’’ Gulf 
vessels. However, there are also varia- 
tions in average financial performance 
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Figure 4.—Average annual costs and 
returns in nominal dollars for Gulf of 
Mexico shrimp vessels, 50-80 feet in 
length, all types of construction, 
1971-77. Sources: Blomo and Griffin 
(1978); Griffin (1977); Hayenga et 
al. (1974); and Lacewell et al. 
(1974). 


between vessels of different configura- 
tion. In Table 2 the 89 Texas and 
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Table 2.—1977 average annual costs and returns for 89 
Gulf of Mexico shrimp vessels in different size classes. 


28-35 36-55 56-80 
Item feet feet feet 


15,849 32,941 135,216 








Receipts, shrimp sales 


Variable costs 

Ice 494 
Fuel 2,064 
Nets, supplies, 

groceries 
Repair & main- 

tenance 1,407 3,312 11,143 
Crew shares 11,532 11,062 43,320 
Payroll expenses 843 0 257 
Packing 155 1,125 3,852 


1,143 2,788 
4,130 20,194 
1,056 


4,448 13,131 


Subtotal 17,551 25,220 94,685 
Fixed costs 
Insurance 1,596 
Depreciation 4,812 
Overhead 74 
Interest 2,264 


5,677 
14,623 
3,194 
6,880 


Subtotal 8,746 30,374 


Total operating costs 33,966 125,059 


Profit or loss —1,025 10,157 

Required return 
to equity 

Return to owner 
management 


3,485 5,399 


-4,510 4,758 
Vessels in sample 3 5 81 
Vessel value 59,228 179,981 
Depreciable life 

(years) 8 8 8 
Salvage value 

(percent) 35 35 35 
Object year 5 5 5 
Percent financed 80 80 80 
Interest rate 

(percent) 9 9 9 
Required return rate 

(percent) 15 15 15 





Source: Data generated by Department of Agricultural 
Economics, Texas A&M University. 


Florida vessels sampled for 1977 costs 
and returns information are considered 
in terms of hull size. Three of these 
vessels are between 28 and 35 feet in 
overall length, five are between 36 and 
55 feet, and 81 are between 56 and 80 
feet in length. Clearly, there are large 
differences in costs and returns due to 
size in this sample. The data reflected in 
Table 2 indicate that larger vessels are 
significantly better investments than 
smaller ones, based on the 1977 data. 


Monthly Cash Flows 


The monthly cash flow analysis for a 
1971 sample of Gulf shrimp vessels is 
presented in Table 3. Monthly cash 
flow projections are important in 
scheduling the timing and magnitude of 
special expenditures and loan repay- 
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ment capacity. As indicated in Table 3, 
the monthly flow of net returns is af- 
fected directly by the level of fishing 
activity; hence, positive returns are ex- 
pected during peak shrimping months 
from June or July through December. 
From January to June returns above var- 
iable costs for the sample vessels are 
insufficient to cover the loan payment 
for an average vessel. Although these 
data reflect the performance of a small 
sample during one calendar year, re- 
sults for data coliected for the 1975 
season were very similar, which indi- 
cates that this can be considered typical 
for the fleet. Implications for financial 
planning in the industry are clear. 


Annual Cash Flows 


In Table 4 an average annual cash 
flow for 81 vessels sampled for 1977 is 
presented. The cash flow is based on 80 
percent financing for 8 years of a new 
56-80 foot vessel with average cost of 
$179,981. 

Costs and returns are assumed to con- 
tinue during the period at constant 1977 
levels. Since 1977 represented a re- 
spectable year in terms of profitability, 
this assumption results in a very favor- 
able projected cash flow. However, ini- 
tial investment is paid back and a posi- 
tive cumulative cash position is 
achieved only in the final year of own- 
ership. The assumption that the vessel 
can be sold at the end of the period at 
100 percent of new cost provides a large 
increment to the cash position. Based 
on this analysis, internal rate of return is 
calculated a relatively high 27.79 per- 
cent. 

This cash flow (Table 4) illustrates 
the results of an investment analysis 
based on a continuation of the rather 
favorable conditions of 1977. It is in- 
teresting to examine an annual, 
investment-period cash flow that con- 
siders annual variations in costs and 
returns. In Table 5, such an analysis is 
presented. 

For this analysis, it is assumed that a 
new vessel is purchased in 1971, at 
average 1971 vessel cost; with 67 per- 
cent financing for 8 years and 12 
equally amortized payments per year at 
9 percent interest. Depreciation is 
straight-line over 8 years, and results 


are calculated using both 35 perceni 
salvage value and 100 percent sesale 
value in 1978. Actual results from the 
1971, 1973, 1974, 1975, and 1977 ves- 
sel samples are used to estimate average 
costs and receipts for those years. Cost 
and receipt values for the missing years 
of 1972, 1976, and 1978 are estimated 
based on data from adjacent years. Re- 
sults of this estimation are reasonably 
consistent with known conditions dur- 
ing those years, although overall results 
in the fishery in 1976 indicate that 
profitability for that year may be under- 
estimated, based on an average of 1975 
and 1977 costs and receipts. 

The analysis shows that actual per- 
formance of an investment in a shrimp 
vessel is likely to be less successful than 
the case in Table 4 suggests. However, 
the actual performance with the 1971 
base year still produces a positive net 
present value of cash flow and an ac- 
ceptable internal rate of return. Of 
course, if the vessel can be sold at the 
end of the period at or near 100 percent 
of its original cost, the investment is 
very satisfactory, as shown in the final 
column of Table 5. 

The analysis reflected in Table 5 also 
shows that average total cash inflow 
from shrimp catch doubled during the 
period. Likewise, total annual outflow 
increased by around 80 percent for an 
average vessel. Initial cash investment 
was paid back during the sixth year of 
vessel operation, assuming no sig- 
nificant cash withdrawals by owner- 
ship. Hence, payback was achieved 
during the operating life of the invest- 
ment. However, a substantial portion of 
overall returns to the investment is tied 
to the ability to sell the vessel at the end 
of the period. (For example, if the aver- 
age vessel in the Table 5 analysis had 
zero salvage value after 8 years, the net 
present value (1971 base) of the cash 
flow at a 10 percent cost of capital 
would have been a negative $1,240, 
and the internal rate of return to the 
investment would have been below 9 
percent.) 


Summary and Implications 


A review of the results of the above 
discussion points up several key factors 
in the financial performance of Gulf of 





Table 3.—Cash flow analysis in dollars of average returns, variable costs, and fixed payments by month for eight Gulf of Mexico shrimp vessels, 
50-80 feet in length, all types of construction, 1971. 


Monthly summary of returns and expenses 








Category 


Feb. 


Mar. 


Apr. 


May 


Jun. 


Jul. 


Aug. 


Sept. 


Oct. Nov. 





Production 
Pounds 
Price per pound 


Total receipts 
Operating inputs 
Ice 
Fuel 
Nets 
Supplies 
Electricity 
Repair & maintenance 
Packing 
Shares 
Total 
Return above variable cost 


Accumulated returns 
above variable cost 


Fixed payments 
Insurance 
Principal and interest’ 
Total 


Net returns 


Accumulated net returns 


2,589 


-913 


-7,207 


4,361 
1.07 


4,667 


140 
630 
53 
122 
52 
1,266 
151 
1,633 


4,047 


620 


263 


308 


8,382 
1.14 


9,556 


6,402 
1.25 


8,003 
114 
465 

29 
143 
148 
993 
305 

2,801 

4,998 


3,005 
9,961 

308 
1,062 
1,370 
1,635 


—2,369 


6,959 
1.39 


5,385 
1.47 


9,673 7,916 


139 
749 
21 
222 
101 
1,223 
248 
2,772 


5,475 


2,441 


15,913 


308 
1,062 


308 
1,062 
1,370 1,370 
2,141 1,071 


—228 843 





‘Interest calculated at 8 percent 
Source: Hayenga et al. (1974). 


Table 4.—1977 average annual cash flow statement for 81 Gulf of Mexico shrimp vesseis of 56-80 feet in ler:gth, all 
types of construction. 





Year 


0 


1 


2 


3 


4 


5 


6 


7 





Investment’ 
Down payment 
Loan balance 


Receipts from 
sales 
Capital sales 


Total cash inflow 


Cash operating 
expenses? 
Loan payments’ 
Principal 
Interest 
Income taxes? 
On ordinary 
income 
On recaptured 
depreciation* 
Capital pur- 
chases’ 


Total cash 
outflow 


Net cash inflow 


Cumulative 
position 


179,981 
35,997 
143,984 


0 


35,997 


35,997 


—35,997 


—35,997 


0 
0 
131,197 


135,216 
0 
135,216 
103,556 

12,877 


12,436 


1,012 
0 
0 


129,881 


5,335 


—30,662 


0 
0 
117,022 


135,216 
0 
135,216 
103,556 

14,085 


11,228 


1,277 
0 
0 


130,146 


5,070 


—25,592 


0 
0 
101,616 


135,216 
0 
135,216 
103,556 

15,406 


9,906 


1,568 
0 
0 


130,436 


4,780 


—20,812 


0 
0 
84,765 


135,216 
0 
135,216 
103,556 


16,851 
8,461 


130,754 


4,462 


— 16,350 


0 
0 
66,333 


135,216 
0 
135,216 
103,556 

18,432 


6,880 


2,234 
0 
0 


131,102 


4,114 


—12,236 


0 
0 
46,172 


135,216 
0 
135,216 
103,556 

20,161 


5,151 


2,614 
0 
0 


3,734 


—8,502 


0 


0 
24,120 
135,216 

0 
135,216 
103,556 
22,052 


3,260 


3,030 
0 
0 


131,898 


3,318 


—5,184 


8 
0 
0 
0 


135,216 
179,981 


315,197 


103,556 
24,121 
1,191 
3,486 
25,736 


0 


158,090 


157,107 


151,923 





Approximate internal rate of return (percent) 28 





‘Based on new vessel cost of $179,981; 80 percent financed for 8 years; 12 equally amortized payments per year, at 9.00 
percent interest rate. 

Exclusive of principal and interest payments. 

*Based on income tax rate of 22 percent. 

‘Based on sales price of $179,981. 

Source: Department of Agricultural Economics, Texas A&M University. 
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Table 5.—Estimated annual cash flow in dollars for an average 56-80 foot Gulf of Mexico shrimp vessel purchased in 1971 and oper- 
ated 8 years. 





Beginning 
1971 1971 1972! 1973 1974 1975 19767 19787 197823 
77,949 0 0 0 0 0 0 0 0 0 
25,724 0 0 0 0 0 0 ) 0 0 
52,225 47,415 23,683 16,427 8,549 0 0 





Investment* 
Down payment* 
Loan balance* 


Receipts from sales 0 
Capital sales 0 
Total cash inflow 0 


Cash operating 
expenses® 


Loan payments‘ 
Principal 
Interest 

Income taxes® 
On ordinary income 0 
On recaptured 

depreciation 0 

Capital purchases 

Total cash outflow 

Net cash inflow 


Cumulative 
position 


25,724 
25,724 


—25,724 


—25,724 


60,742 101,324 
0 0 


60,742 101,324 


47,882 88,789 


4,810 
4,129 


6,683 
2,256 


527 730 940 0 868 


0 0 0 0 0 
0 0 0 0 0 


57,348 63,741 70,139 86,753 


3,394 3,698 3,996 -7,889 


—22,330 -18,632 -14,636 -22,525 


118,270 


0 
118,270 


96,172 


7,256 
1,683 


3,098 


0 


0 


135,216 118,270 
27,282 


145,552 


118,270 
77,949 


0 
135,216 196,219 


103,556 96,172 96,172 


7,878 
1,061 


8,549 
386 


8,549 
386 


5,338 3,163 3,163 


0 0 11,147 


0 0 0 


117,833 108,270 119,417 


17,383 37,282 76,802 


7,647 44,929 84,449 





Approximate 1971 net present value of cash flow at 10 percent required return (NPV) 
Approximate internal rate of return (percent) 


11,965 
16 


29,960 
24 





"Receipts and expenses estimated based on 1971 and 1973 average. 
?Receipis and expenses estimated based on 1975 and 1977 average. 
3$econd 1978 column assumes vessel is sold in 1978 at 100 percent of 1977 purchase price. 
‘Financing based on 1971 average vessel price, 67 percent financed for 8 years, 12 equally amortized payments per year at 8.25 percent. 
5Based on total costs from Table 2 (for 1971, 1973, 1974, 1975, and 1977), less depreciation and interest. 
®Tax rate constant at 22 percent, depreciation straight-line, 8 years, 35 percent salvage value. 


Mexico shrimp vessels. First, owners 
of these vessels are faced with highly 
variable cost/price relationships, which 
has tended to produce a ‘‘feast or 
famine’ cycle in the industry in recent 
years. The fact that most vessels are 
tied almost entirely to only one type of 
fishing and one product accentuates the 
effects of changing prices on vessel 
owners. The result is a fairly high de- 
gree of short run uncertainty for pro- 
ducers. 

A second key factor is the seasonality 
of production, with its implications on 
financing and investment. Related to 
seasonality is the dependence of the 
fishery on shrimp abundance. Although 
there continue to be periods of low or 
inconsistent abundance in the fishery, 
over the long term, the availability of 
shrimp seems to return to fairly stable 
levels given existing fishing pressure. 

The vessel itself is a third important 
factor in considering financial worthi- 
ness in Gulf shrimping. Configuration, 
vessel financing, and resale value all 
have a large impact on shrimp vessel 
investment analysis. A related subject, 
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which is beyond the scope of this paper 
but certainly of extreme importance in 
determining financial success for a ves- 
sel, is the quality of captain and crew. 

In summary, it has been shown that 
profitability for Gulf shrimp vessels in 
recent years has been highly variable, 
due largely to changes in input costs; 
shrimp prices; landings; and the cost, 
financing terms, and configuration of 
vessels. It has also been shown that 
based both on the results of very good 
years and on the results of a number of 
highly varied years, ownership of a 
Gulf shrimp vessel can be a satisfactory 
investment over an extended ownership 
period. 
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Tridacnid Clam Stocks on Helen 


Introduction 


Overexploitation of tridacnid clam 
populations appears to be a current 
problem in many areas of the Indo- 
Pacific. One area where some of the 
effects of harvesting have been studied 
is Helen Reef, a small atoll in the south 
Palau District, Western Caroline Is- 
lands, Trust Territory of the Pacific Is- 
lands. The submerged reef and lagoon, 


nai, es 
Se 


ae, 
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lying at approximately lat. 3°N and 
long. 131°E (Fig. 1, 2), occupy about 
216 km? with a small island (Helen 
Island) located at the northern end. 
Depths inside the lagoon exceed 60 m; 
outside, the bottom slopes steeply. This 


Wendy Hirschberger is with the Northwest and 
Alaska Fisheries Center, National Marine 
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Reef, Palau, Western Caroline Islands 


Figure 1.—Helen Island at Helen Reef 
atoll, in Palau’s southwest islands. 


remote area is uninhabited and receives 
only occasional visits from U.S. Trust 
Territory outer island support ships and 
foreign fishing vessels. 

In May 1971, the NOAA research 
vessel Townsend Cromwell, operated 
by the National Marine Fisheries Ser- 





ABSTRACT-A survey of Palau District's 
Helen Reef was conducted in May 1976 to 
continue monitoring changes in tridacnid 
clam abundances. The densities of the four 
largest tridacnid species were slightly 
higher than observed in 1975; however, 


ratios of live individuals to empty shells 
continued to remain very low. Only Hip- 
popus hippopus showed a substantial de- 
crease in the percentage dead. This is in 
contrast to Tridacna maxima which is sub- 
ject to relatively no fishing mortality and 


showed less than 5 percent dead. These 
smaller species may possibly be used as 
natural population indicators at Helen 
Reef. Tridacna squamosa is still rare, prob- 
ably owing to poor environmental condi- 
tions for this species. 
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vice, NOAA, conducted a survey of the 
Trust Territory’s marine resources. 
Only a stop was made at Helen Reef at 
this time, and the ship returned in 
March 1972 to survey the tridacnid 
clam populations. In their report, Hes- 
ter and Jones (1974) concluded that the 
tridacnid populations at Helen Reef 
were large and that Tridacna gigas and 
T. derasa could possibly withstand a 
moderate, controlled fishery. 

A resurvey effort was undertaken in 
April 1975 by a team of biologists sup- 
ported by the Palau District Marine Re- 
sources Office, a division of the Trust 
Territory Department of Marine Re- 
sources, in response to increasing re- 
ports of foreign fishing vessels in the 
Helen Reef area. They found that 
tridacnid clam populations had appar- 
ently been reduced since 1972 (Bryan 
and McConnell, 1976). 

In 1976 the Palau Marine Resources 
Office requested another resurvey in re- 
sponse to continued reports of unau- 
thorized fishing vessels in the Helen 
Reef area. There was concern that con- 
tinued fishing in this area could lead to 
severe stock depletions, with small 
chances of recovery. This report gives a 
description of the 1976 resurvey effort, 
monitoring changes in the abundance of 
tridacnid clams on Helen Reef, and 
provides population densities of the 
area with comparison to earlier sur- 
veys. 


Natural History 


Because of its isolation, Helen Reef 
at one time supported large tridacnid 
clam populations. In one instance, 
Motoda (1938) reported observing ap- 
proximately 38-46 T. gigas within 100 
m?. Although populations have been 
greatly reduced over the years, all six 
species of the Tridacnidae family still 
occur on Helen Reef: T. gigas (Linné), 
T. derasa (Roding), T. squamosa 
Lamarck, T. maxima (Roding), T. 
crocea Lamarck, and Hippopus hip- 
popus (Linné). These beautiful and 
sometimes colossal bivalves are found 
only in the Indo-Pacific faunal region 
(Fig. 3). 

The two largest Tridacna species are 
T. gigas (Fig. 4a) and T. derasa. 
Tridacna gigas is the species usually 
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referred to as the “‘giant clam,”’ as old 
individuals may attain lengths of up to 
135 cm (about 4% feet). They usually 
occur on sandy areas of the reef or in 
areas of coral rubble and reef degenera- 
tion, within intertidal regions to ap- 
proximate depths of 20 m. Although 7. 
gigas exhibits a small byssus orifice, 
the adults remain unattached to any 
substrate. The dorsal margin and ribs 
exhibit deep undulation. Tridacna de- 
rasa, also a species capable of reaching 
large sizes, reportedly attain lengths of 
50 cm (20 inches). These clams often 
live towards the outer edge of coral 
reefs and are usually unattached, al- 
though very young individuals (<10 
cm length) develop weak byssal an- 
chors. Tridacna derasa appear to prefer 
the more shallow reef areas (approxi- 
mate depth range, 4-10 m). 

There are two slightly smaller tridac- 
nids of commercial importance. 


Tridacna squamosa usually occurs on 
coral reef surfaces in depths less than 15 
m, most often in protected environ- 
ments such as reef canyons and 
fissures, sheltered lagoons, and marine 
lakes. These tridacnids are often refer- 
red to as ‘‘fluted clams’’ because of 
their characteristic broad, plate-like 
projections. In size, they can range up 
to 45 cm (over 17 inches). Although 
they are never imbedded, T. squamosa 
are often found nestled among coral and 
anchored with a weak but abundant 
byssus. Hippopus hippopus grow to 40 
cm (close to 16 inches) in size and usu- 
ally occur in sandy areas of the reef 
never more than 6 m in depth. Young 
H. hippopus attach by a weak, sparse 
byssus which disappears with age. 
These clams have heavy triangular 
shells and an undulating dorsal margin 
with very sharp, triangular, interdigitat- 
ing processes. 


Figure 2.—Palau District’s southwest islands. 
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Figure 3.—Geographical ranges of tridacnid clams (from Rosewater, 1965). 
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Tridacna crocea 
Figure 3. — Continued. 
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Figure 4a.—Tridacna gigas, about 3 feet in length, on the 


reef at low tide. 


The larger Tridacna species are the 
clams which are most often utilized by 
Palauans and foreign fishermen. The 
mantle and the adductor muscle tissues 
are highly favored food items, the 
larger clams producing a higher yield 
per expended fishing effort. Except for 
a small trade as a tourist item, shells are 
discarded. 

The two smallest species, 7. maxima 
(Fig. 4b) and 7. crocea, are not usually 
harvested by foreign fishermen and are 
minimally used for food by Palauans. 
Tridacna maxima can grow to 35 cm 
(close to 14 inches). It can often be 
confused with T. crocea, but T. max- 
ima is distinguished by its more triangu- 
lar shape; its byssus keeps it firmly an- 
chored halfway embedded in coral and 
coral heads. Tridacna crocea is the 
smallest species, approximately 15 cm 
(6 inches maximum) and is found com- 
pletely embedded in coral heads on the 
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reef flats and reef edge, remaining 
firmly anchored by a byssus. 


Survey Methods 


Attempts were made during the May 
1976 survey to duplicate, as closely as 
possible, sampling locations and field 
methods used during the 1975 survey 
(Bryan and McConnell, 1976). Tran- 
sect lengths were determined from the 
U.S. Navy Hydrographic Office Chart 
of Helen Reef, No. 6072. The same 
transects as reported by Bryan and 
McConnell (1976) were resurveyed. 
The bottom depths along transects var- 
ied from approximately 6 m on the 
ends, to a minimum of | m along the 
midsection. Two observers were 
pulled slowly behind a boat while all 
occurrences of live or dead tridacnid 
clams within a 2 m wide path below the 
boat were recorded on plastic writing 
tablets. Each biologist was responsible 


Figure 4b.—Tridacna maxima partially embedded in coral. 


for counting two or three assigned clam 
species. 

Total population sizes (Nj) for Helen 
Reef atoll were estimated by the equa- 
tion (Cochran, 1963): 


y 
=] J 


I 


A 


N; - 
z I; 
i=1 
where Y;; is the number of individuals 
of tridacnid clam species j observed 
along transect i, /; is the length of trans- 
ect i, w is the transect path width (= 2 
m), and A is the total reef area 
(= 5.34 x 107 m?; Hester and Jones, 
1974), for n total transects. 


Survey Results and Discussion 


During the resurvey, we were able to 
repeat eight transects from the 1975 
survey (Fig. 5). Summary data col- 
lected from the transects are presented 
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Table 1.—Summary of results from the 1976 survey of Helen Reef, Western Caroline islands. 


Length 
Location and of Areasur- 
direction transect veyed 
of transect (m) (m?) 
lat. 2°54'42"N 970 81,940 
long. 131°45'14"E 
270° true 





Transects surveyed No. of live 


individuals 
counted 


1976 Density of 
clams/100 m? 


Hippopus hippopus 0.20 
Tridacna maxima 3.10 
T. derasa _ 


11975 Density of 
clams/100 m? 


0.10 
3.10 
0.10 


SORES 


— 1975 and 1976 





---1975 only ™ 


Helen /sland 


lat. 2°56’20"N 
long. 131°46’53"E 
270° true 


H. hippopus 0.10 
T. gigas 0.05 
T. derasa 0.10 
T. maxima 1.80 


T. squamosa 0.10 


lat. 2°58’00"N 
long. 131°48’16"E 
270° true 


0.20 
2.10 


H. hippopus 
T. maxima 


lat. 2°59'05"N 
long. 131°48'30"E 
270° true 


0.40 
0.10 
0.10 
0.70 


H. hippopus 
T. gigas 

T. squamosa 
T. maxima 


lat. 3°00'30"N 
long. 131°48'55"E 
0° true 


2.00 
0.30 


H. hippopus 
T. maxima 


Kilometers lat. 2°58’06"N 
long. 131°49'24"E 


90° true 


H. hippopus 
T. gigas 

T. derasa 

T. squamosa 
T. maxima 


Nautical miles 





lat. 2°56'30"N 
long. 131°49'51"E 
90° true 


Figure 5.—Locations of sampling 
transects made on Helen Reef atoll, 
May 1976. 


H. hippopus 
T. derasa 
T. maxima 


Tis lat. 2°58’00"N 
long. 131°49'00"E 
180° true 
‘Data from Bryan and McConnell (1976). 


H. hippopus 
38 T. maxima 





in Table 1; also included for compari- 


son are the 1975 estimates for tridacnid 
population densities. In many in- 
stances, the 1975 and 1976 estimates 
were quite close. For each survey, the 
mean observed densities were ex- 
panded to provide estimates of the total 


Table 2.—Stock estimates for tridacnids on Helen Reef, Western Caroline Islands. 


1972Est.of 1975 Est. of 1975 Est. of 1976 
standing standing standing stock Est. of 
stock’ stock 2 from Ta, . . ,T15* standing stock* 


49.8x 10° 8.6x10° 13.8x10° (4.7x10- 22.9x10°) 





Species 





None observed 


populations on Helen Reef (Table 2). 
Because of the reduced survey size in 
1976, estimates of standing stocks for 
1975 were recalculated using only the 
eight northern transects that were re- 
surveyed in 1976. This was done to 
allow a more direct comparison be- 
tween the two survey results. 

The 1972 estimates for the larger 
clams, T. gigas and T. derasa, were 
high compared with 1975 and 1976 es- 
timates. These species showed a large 
reduction in apparent population sizes 
between 1972 and 1975. The apparent 
differences in the most recent stock es- 
timates for T. derasa were relatively 
small and should be attributed to survey 
variation. Some transect variation is in- 
evitable despite attempts to duplicate 
1975 methods, which may help explain 
the observance of T. gigas in the north- 
ern transects during the 1976 survey 
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Tridacna gigas 
Tridacna derasa 
Tridacna squamosa 
Hippopus hippopus 
Tridacna maxima 
Tridacna crocea 


32.8 x 10° 12.9x 10° 
1.2x 108 4.3x 108 
44.6x 10° 47.4x10° 
1.7x 108 1.4x 108 
3.7x10° Ubiquitous 


14.1« 108 
3.5x 10% 
70.5 x 10° 
1.3x 108 
Ubiquitous 


24.2x10 (8.1x10°— 40.310) 

10.4x108 (3.8x10°— 17.0 10%) 

217.5x10° (89.1 x 10°—345.9x 10%} 

1.1108 (0.7x10®- 1.4x10®) 
Ubiquitous 





‘Data from Hester and Jones (1974). 


2Data from Bryan and McConnell (1976), computed from all transects. 
3Data from Bryan and McConnell (1976), computed from only the eight transects resurveyed in 1976. 


480 percent confidence limits in parentheses. 


and the absence of observation in 1975. 
Recruitment can also be a consideration 
when observing population fluctuations 
but the extent that apparent increases 
were caused by recruitment remains 
unknown. Table 3 presents a compari- 
son of the ratios of live and dead indi- 
viduals for the two most recent surveys. 
In 1976, both species still showed large 
numbers of dead individuals, although 
the proportions of dead individuals 
were slightly less than 1975, especially 


for T. derasa. All empty shells of T. 
gigas and T. derasa observed were 
heavily encrusted with marine or- 
ganisms, displaying little evidence of 
recent harvesting. 

Tridacna squamosa has been re- 
ported at low densities during all previ- 
ous surveys. In 1972, Hester and Jones 
(1974) observed only one 7. squamosa; 
in 1975, Bryan and McConnell (1976) 
counted only two individuals. These 
earlier investigators indicated that this 
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tridacnid species is either very rare or 
not easily distinguished from T. max- 
ima in this particular environment. Dur- 
ing the 1976 survey, however, the two 
species were readily distinguished. Al- 
though three individuals of T. 
squamosa were identified, their densi- 
ties were stili low compared with all 
other species. Tridacna squamosa ap- 
pears to prefer relatively protected 
areas , SO wave exposure may be a limit- 
ing factor for T. squamosa at Helen 
Reef. Although their relatively large 
size would make them desirable for 
harvesting, since only one dead indi- 
vidual was observed in 1975, their 
population was apparently not strongly 
affected by this activity. 

The 1976 survey showed a substan- 
tial increase in the apparent abundance 
of H. hippopus, compared with the 
1972 and 1975 surveys, but the ratio of 
dead individuals to empty shells was 
still high. This species is characteristi- 
cally very angular in appearance with 
dusky, sandy mantle tones. Their cryp- 
tic coloration makes them one of the 
more difficult tridacnids to count in the 
field, perhaps contributing to an under- 
estimation of abundance by earlier in- 
vestigators. 

The most curious condition observed 
during the 1976 survey was the absence 
of large numbers of empty shells re- 
ported by Bryan and McConnell 
(1976). Foreign fishing boats had been 
observed in the area between the 1975 
and 1976 surveys, possibly taking 
shells for the tourist market. Alterna- 
tively, heavy seas and rough weather 
could have broken up old shells and 
swept them off the reefs. 

The two smallest tridacnid species 
have shown little variation in apparent 
population densities over the years. The 
small T. maxima have shown low var- 
iance in stock size, with very little vari- 
ation in apparent densities from 1972 
through 1976. The ubiquitous T. 
crocea was not surveyed in 1975 and 
1976 because of the small size of indi- 
viduals and high population densities. 
Large coral heads can be embedded 
with many T. crocea, and it would take 
much time and a more detailed sampl- 
ing effort to survey this species reli- 
ably. Therefore, its presence in large 


Table 3.—Comparison of the number of live and dead tridacnid clams observed during 
the 1975 and 1976 surveys, Helen Reef, Western Caroline isiands. 





1975! 


1976 





Ratio of live: 


Species dead individuals 


Percent 


Ratio of live: 


dead dead individuals 





Tridacna gigas 4:206 
Tridacna derasa 6:168 
Tridacna squamosa 2:11 
Hippopus hippopus 22:458 
Tridacna maxima 629:23 
Tridacna crocea Ubiquitous 


98.1 
96.6 
33.3 
95.4 63:39 
3.5 312:5 
_ Ubiquitous 


4:47 
7:24 
3:0 





‘Data from Bryan and McConnell (1976). 


Table 4.—Comparison of the number of live tridacnids counted in 
1975 along transects in north (transects 8 to 15) and south (transects 
1 to 7) regions of Helen Reef, Western Caroline Islands (from Bryan 


and McConnell, 1976). 





Live 
individuals 
counted in 
north reef 


Species transects 


Live Percent 
individuals located 
counted in in 
south reef north reef 
transects transects 





Tridacna gigas 0 
Tridacna derasa 4 
Tridacna squamosa 1 
Hippopus hippopus 20 
Tridacna maxima 367 
Tridacna crocea Ubiquitous 


4 0 
2 66.7 
1 50.0 
2 90.9 
262 58.3 
Ubiquitous — 





numbers was only noted during the 
1975 and 1976 surveys. Lack of fishing 
pressure may allow these smallest 
tridacnids to maintain a more constant 
population size. 

In Table 4 a comparison was made 
between the numbers of live tridacnids 
found in north and south areas of the 
reef in 1975 to examine the influences 
of large-scale distribution on popula- 
tion estimates. The reef was sampled by 
transects 8-15 in the north and by tran- 
sects 1-7 in the south. Transects 8-15 in 
the north correspond to the areas that 
were resurveyed in 1976. The percen- 
tage of clams located in the northern 
eight transects in 1975 was calculated 
for each species. There appeared to be 
differences among some of the tridac- 
nids in location preference. In 1975, T. 
gigas was observed only in the south, 
while almost 91 percent of H. hippopus 
were found in the north. Since T. gigas 
is usually quite visible, the apparent 
skewed distribution may only be a 
product of sampling variability since 
only small numbers of this species were 
observed. It is possible that a prefer- 
ence for the south reef area may exist 
but it is impossible to verify from this 


survey. This apparent preference for 
the north reef region by H. hippopus 
would contribute to a population over- 
estimation in the 1976 survey. Other 
species appeared to be relatively evenly 
represented in both north and south re- 
gions. 

Excluding T. maxima and T. crocea 
because of their lack of value to foreign 
fishermen, less than half (43.6 percent) 
the tridacnid clams observed on Helen 
Reef in 1975 were alive. In 1976, the 
conditions were much the same with 
only 40.1 percent of the clams surveyed 
alive. In natural reef environments, it is 
unusual to see so many empty shells 
unless fishing pressures have been 
high. Large percentages of empty shells 
have been observed following concen- 
trated fishing activities (Motoda, 1938; 
Bryan and McConnell, 1976). Because 
of the lack of fishing pressure on the 
smaller species, perhaps T. maxima, 
and maybe T. crocea, indicate the nor- 
mal ratios of live to dead individuals 
representative of tridacnid populations 
subject only to natural sources of mor- 
tality. 

In May 1976, the effects of recent 
harvests were evident at Helen Reef 
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with tridacnid populations reduced 
from much higher levels of abundance 
(Motoda, 1938; Hester and Jones, 
1974). The conditions of the clam re- 
sources observed in 1976 emphasized 
the need to prevent their further uncon- 
trolled harvesting, especially since 
most of the clams observed in 1976 
appeared smaller than the mean sizes 
reported in 1972 (Hester and Jones, 
1974). Because the recruitment of 
tridacnid clams appears to be slow and 
irregular, large population depletions 
could have serious long-term effects. 
Wada (1952, 1954) suggested that 
because of the nature of spawning 
behavior in tridacnid clams, 
self-fertilization rarely occurs. Other 
observations have also shown no nor- 
mal larval development after attempts 
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at self-fertilization. If this is the case, 
then there may be some minimum 
threshold density from which reduced 
populations would be unable to re- 
cover. 

Harvests of tridacnid clams from 
Helen Reef should continue to be re- 
stricted until increases in stock abun- 
dances have been observed and 
documented. Additional research is 
needed to determine allowable clam 
harvest levels, threshold densities, and 
stock recovery rates. 
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Per Capita Annual Utilization 
and Consumption of Fish and Shellfish 
in Hawaii, 1970-77 


LINDA L. HUDGINS 


Introduction 


In 1977, the U.S. per capita con- 
sumption of edible (meat-weight) fish 
and shellfish was 5.82 kg (12.8 
pounds). It has been speculated that the 
per capita consumption of fishery prod- 
ucts in the State of Hawaii is considera- 
bly higher than the U.S. average. No 
studies have been done to verify this 
speculation. 

This paper is an attempt to quantify 
the actual consumption in Hawaii for 
the period 1970-77. This quantification 
required computation of the total sup- 
ply of fish and fishery products availa- 
ble in Hawaii. The total supply was 
then adjusted to edible weight and di- 
vided by the population. The result is 
that the per capita consumption rate in 
Hawaii for 1977 was about 77 percent 
higher than the U.S. average. 

Foreign imports represented, in 
1977, approximately 54 percent of. the 
total supply of fish and shellfish in 
Hawaii. Therefore, a section and tables 
are included in which these imports are 
disaggregated by quantity, value, and 
type of preparation for 1970-77; and by 
major product and major country of 
origin for 1976 and 1977. 

An effort was made to calculate the 
per capita figures with the same 
methodology as that used in ‘‘Fisheries 
of the United States’’ (Bell, 1978) 
where national per capita estimates are 


Linda L. Hudgins is with the Honolulu Laborato- 
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published. The units of quantity and 
measurement in this report are not 
exactly comparable in some cases. 
These measurement discrepancies, as 
indicated in the table notes, should not 
hinder the usefulness of these prelimi- 
nary estimates, however. 


Data and Methods 


The State of Hawaii has three major 
sources of commercial fish and fishery 
products for human consumption: 1) 
Local catch, 2) imports from foreign 
countries, and 3) interstate shipments 
from the mainland United States. Table 
1 gives totals for these sources. Hawaii 
landings are shown in round (live) 
weight as reported by the vessels to the 
State of Hawaii, Division of Fish and 
Game. Foreign imports and interstate 
shipments are in net product weight, as 
recorded at the port by U.S. Customs 
officials and published by the U-S. 
Bureau of the Census (1970-77) and the 
U.S. Army Corps of Engineers (1970- 
¥1. 

Hawaii per capita utilization of fish 
and shellfish (Table 2) is determined 
using total supply of fishery products 
without adjustment for beginning or 
ending stocks, foreign exports, or de- 
fense purchases. Table 3 gives a com- 
parison of the United States and Hawaii 
per capita utilization rates. Table 4 
gives U.S. per capita consumption of 
fish and shellfish as published by the 
National Marine Fisheries Service. 

Hawaii per capita consumption in 
Tables 5-7 is based on pounds of edible 
(meat-weight) fish. Figures for Hawaii 
in Tables 5-7 are adjusted for foreign 


Table 1.—Total Hawali supply of commercial fish and 
shellfish, in thousands of pounds, by source and year, 
1970-77: 





Local 
commer- 
cial Foreign 
landings? _imports* 


11,282.3  22,960.3 
17,159.8  18,681.3 
14,754.7 28,953.6 
14,382.4 21,346.9 
11,323.7 24,467.2 

9,724.5 22,015.6 
1976 15,272.3 19,8463 4,094.0 39,212.6 
1977 13,783.4 30,991.3 7,650.0 52,424.7 


‘Based on the total supply of edible fishery products, without 
taking into consideration beginning or ending stocks, ex- 
ports, or defense purchases. 

2State of Hawaii, Department of Land and Natural Re- 
sources, Division of Fish and Game. Reports in round 
weight. 

3U.S. Bureau of the Census (1970-77). Reported in net pro- 
duct weight. 

4U.S. Army Corps of Engineers (1970-77). Reported in net 
product weight. 


Inter- 

state 

ship- 
ments‘ 


5,896.0 
5,764.0 
4,682.0 
3,950.0 
4,068.0 
4,362.0 


Total 


40,138.6 
41,605.1 
48,390.3 
39,679.3 
39,858.9 
36,102.1 


Year 


1970 
1971 
1972 
1973 
1974 
1975 








exports of fish and shellfish and ship- 
ments of canned tuna and fresh and 
frozen fish to the mainland United 
States. Supply of cured fish for con- 
sumption includes fish dried, salted, 
smoked, or kippered whether canned or 
not. Cured supply does not include 
local production of cured fishery prod- 
ucts. Raw inputs for local production 
are counted under fresh, frozen, or chil- 
led. Supply of canned fish for consump- 
tion includes fish of all preparations in 
airtight containers, most of which are 
cans. 

The State of Hawaii has three vari- 
able components of population in addi- 
tion to the civilian resident population: 
Military, visitors, and foreign immi- 
grants. Military includes those who are 
serving in the armed forces and either 
actually residing in Hawaii or stationed 
aboard a ship homeported in Hawaii. 
Since 1971, the military has stabilized 
at around 6 percent of total de facto 
population (those actually present in the 
State). Military dependents are counted 
as part of the resident civilian popula- 
tion. There are approximately 1.15 de- 
pendents per military member in 
Hawaii. Visitor population, estimated 
by the Hawaii Visitors Bureau, during 
1978 was around 9 percent of the total 
population based on the annual average 
number of visitors present. Approxi- 
mately 8 percent of the civilian resident 
population of Hawaii in 1970 were 
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Table 2.—Per capita utilization of commercial fish and shellfish in Hawail by year, source of fish, and two population groups, 1970-77. 
Resident civilian and military population 





Resident civilian, military, and visitor population 
Per capita utilization 
Interstate 
shipments 
and 





Per capita utilization 








Total resident 
civilian and 
military popula- 
tion, 1 July 
(1,000 persons)' 


775.8 
800.9 
823.3 
844.1 
855.4 
867.9 


Total resident 
civilian and 
military plus 

visitor population 
(1,000 persons)’ 


803.4 
833.3 
865.9 
895.9 
913.6 
927.7 
952.7 
972.5 


Interstate 
shipments 
Local and 
commercial foreign 
catch imports 


14.5 37.2 
21.4 30.5 
17.9 
17.0 
13.2 
11.2 


Visitors 
present 
(annual 


Armed 

forces 

(1,000 
persons) 


53.2 
50.8 
52.0 
58.1 
57.5 
58.9 


Total 
Hawaii 
supply 

(1,000 Ib)? 


40,138.6 
41,605.1 
48,390.3 
39,679.3 
39,858.9 
36,101.9 
1976 883.5 57.8 39,212.6 17.3 
1977 894.7 56.5 52,424.7 15.4 


' Hawaii. Department of Planning and Economic Development (1978:6). 
2 Table 1, unadjusted for beginning and ending stocks, exports, or defense purchases. Excludes imports of nonedible fishery products. 


Local 





foreign 

imports 
35.9 
29.3 
38.9 
28.2 
31.2 
28.4 
25.2 
39.7 


ee) w 
(1,000 persons) catch 
37.6 14.1 
41.9 20.7 
51.3 17.0 
61.6 16.1 
66.0 12.4 
68.8 10.5 
78.5 16.0 
86.8 14.3 


Total 


51.7 
51.9 
58.8 
47.3 
46.6 
41.6 
44.4 
58.6 


Year 


1970 
1971 
1972 
1973 
1974 
1975 





43.2 





Table 4.—United States per capita consumption of commercial fish and 
shellfish by year and three types of preparation, 1970-77." 


Per capita consumption (Ib) 


Civilian Fresh 
resident population and 
(million persons) frozen Canned Cured 


201.7 
204.3 
206.5 
208.1 
209.7 
211.4 
2213.0 
2214.7 


Table 3.—United States and Hawaii total supply 
(million pounds) and per capita utilization (pounds) 
of commercial fish and shellfish by year, 1970-77. 


Total Total per capita 
supply’ utilization? 


U.S. U.S3 


11,474 56.0 
11,804 57.0 
13,849 66.3 
10,378 49.3 

9,875 46.6 
10,129 47.4 
1976 411,555 40.55 53.7 44.4 
1977 410,579 53.63 48.8 58.6 


‘Total supply for U.S. includes nonedible and industrial 
fishery products not included in total supply for Hawaii. 
2Population is total resident civilian and military popula- 
tion present on 1 July. 

3Bell (1978:70). 

4Preliminary. 














Year 


1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 


"Bell (1978:72). 
Preliminary. 


Hawaii 


51.7 
51.9 
58.8 
47.3 
46.6 
41.6 


Hawaii 


41.13 
43.11 
49.68 
40.94 
40.85 
36.95 


Year 


1970 
1971 

1972 
1973 
1974 
1975 














Table 5.—Hawaii per capita consumption’ of commercial fish and 
shellfish by year and three categories of preparation, 1970-77. 





Total civilian Per capita consumption (Ib) 





Table 6.—Hawail per capita consumption of commercial fish and shellfish 
by year and three types of preparation, 1970-77 including annual average 
visitor population." 





Total civilian 


resident population 
1 July 
(1,000 persons) 


722.6 19.4 , | 
750.1 20.5 ’ 0.7 
771.3 17.1 

785.9 16.7 

797.9 14.0 

809.0 15.3 

1976 825.7 15.3 20.4 
1977 838.3 17.8 22.7 


‘Unadjusted for beginning and ending inventories and military purchases. 
Adjusted for exports to foreign countries from the Honolulu Customs district. 
2includes preserved and prepared which are canned but not included in cured. 
3Does not include local production. 


Fresh and 
frozen 


resident population 
plus visitors 
1 July 
(1,000 persons) 


760.2 
792.0 
822.6 
847.5 15.5 19.9 
863.9 12.9 18.2 
877.8 14.1 . : 18.1 
1976 904.2 14.0 18.6 
1977 925.1 16.1 20.5 


‘Unadjusted for beginning and ending inventories, and military purchases. 
Adjusted for exports from the Honolulu Customs district. 

2Includes preserved and prepared which are canned but not included in cured. 
3Does not indude local production. 


Per capita consumption (Ib) 
Fresh and 
frozen Canned? 


18.9 
19.4 
16.0 


Canned? Cured? Total 


25.7 
25.8 
24.5 
21.4 
19.3 
19.6 


Year 


1970 
1971 
1972 
1973 
1974 
1975 








Cured? Total 


24.8 
24.4 
23.0 


Year 


1970 
1971 
1972 
1973 
1974 
1975 











These three components of population 
may account for over 20 percent of the 
actual population present in the State at 


countries have substantially higher per 
capita fish consumption rates than that 
of the United States (Bell, 1978:74). 


foreign born persons from the People’s 
Republic of China, Taiwan, Japan, 
Korea, and the Philippines. All of these 
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a given time. For this reason, per capita 
consumption was calculated for various 
measures of population which would 
include these groups. 


Table 7.—United States and 
Hawaii total per capita consump- 
tion (pounds) of commercial fish 
and shellfish by year, 1970-77." 


Total per 
capita consumption 


U.S. 


11.8 
11.5 
12.5 
12.9 
12.2 
12.1 





Year 


1970 
1971 
1972 
1973 
1974 
1975 
1976 313.0 20.4 
1977 312.8 22.7 


‘Population is total civilian resident 
population. 

2Unadjusted for beginning and end- 
ing inventories and military pur- 
chases. 

3Preliminary. 


Hawaii? 


25.7 
25.8 
24.5 
21.4 
19.3 
19.6 








Foreign Imports 


Imports from foreign countries in 
1977 represented 54 percent of the total 
supply of fish, fishery products, and 
shellfish in Hawaii. Table 8 gives these 
imports by year and type of prepara- 
tion, aggregated over countries. All of 
these products are designated for 
human consumption. Values are unad- 
justed and reflect customs values. Cus- 
toms value generally represents a value 
in the foreign country, and therefore 
excludes U.S. import duties, freight, 
insurance, and other charges incurred 
in bringing the merchandise to the 
United States. This value may not 
reflect the actual transaction value. 

Table 9 gives imports to Hawaii of 
fresh, frozen, or chilled fish and 
shellfish by major country of origin, 
quantity, and customs value. Relative 


rankings of these countries vary be- 
tween 1976 and 1977. However, the 
major five countries (New Hebrides, 
Philippines, Taiwan, Japan, and 
Panama) are the same for both years. 
Fiji had no recorded exports to Hawaii 
in these categories for 1977. 

Table 10 gives imports to Hawaii ‘‘in 
cans or airtight containers.’’ Shellfish 
and anchovies are the major products. 
In 1972, the major sardine exporting 
countries were Brazil, United King- 
dom, and Denmark. In 1973, only Den- 
mark is recorded as exporting sardines 
to the Honolulu customs district which 
is reflected in the much lower 1973 
figure. The category marked ‘‘other’’ 
in this and subsequent tables represents 
other species which the U.S. Customs 
aggregates under the heading ‘‘not 
elsewhere specified.”’ 


Table 8.—Foreign imports to Hawaii of fish and fish products for human consumption by year, type of preparation, quantity and customs value,' 1970-77. 





Fresh, chilled, 


Fish in airtight 


Fish products 
(pastes, balls, 


Total 


Quantity 
(1,000 Ib) 


22,906.3 
18,681.2 
28,953.6 
21,346.9 
24,467.2 
22,015.6 
19,846.3 
30,991.3 


Cured 


Quantity 
(1,000 Ib) 


81.1 
85.0 
85.8 
119.5 
113.4 
87.0 


frozen 


Quantity 
(1,000 Ib) 


19,417.9 
13,893.0 
23,693.8 
16,496.5 
19,340.0 
17,320.0 


containers 


Quantity Value 
(1,000 Ib) ($1,000) 


422.1 215.5 
974.3 397.7 
1,317.9 497.3 
853.3 381.4 
767.5 501.6 
816.1 433.1 
14,185.4 14,917.3 7,380.1 131.0 163.3 877.3 500.5 1,634.0 1,118.4 2,286.7 5,023.1 
22,875.4 26,448.9 15,729.3 94.8 152.6 746.2 521.2 1,387.4 1,151.2 2,314.0 §,321.1 


‘Customs value generally represents a value in the foreign country, and therefore excludes U.S. import duties, freight, insurance, and other charges incurred in bringing 
the merchandise to the United States. This value may not reflect the actual transaction value. These values are unadjusted. 


All shellfish 


Quantity 
(1,000 Ib) 


2,557.5 
2,919.0 
2,732.8 
2,654.9 
2,903.6 
2,208.8 


sticks, roe) 


Value 
($1,000) 


374.8 
479.1 
609.3 
878.9 
854.2 
1,114.0 





Value 
($1,000) 


10,354.8 
10,633.1 
15,755.6 
13,633.5 
17,303.3 
13,393.4 


Value 
($1,000) 


6,376.9 
5,146.2 
9,816.9 
7,703.3 
10,182.8 
7,815.2 


Value 
($1,000) 


78.4 
86.8 
147.0 
212.9 
145.3 
119.9 


Value 
($1,000) 


3,309.2 
4,523.3 
4,685.1 
4,457.0 
5,619.4 
3,911.1 


Quantity 
(1,000 Ib) 


481.7 
810.0 
1,123.5 
1,222.8 
1,342.7 
1,583.2 


Year 


1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 








Table 9.—imports of fresh, frozen, chilled fish and 
shellfish by major countries of origin,’ quantity, and 
customs value,? 1976 and 1977. 


1976 1977 


Country Quantity Customs Quantity 

of (1,000 value (1,000 
origin Ib) ($1,000) Ib) 
Fish 
New Heb- 

rides 
Philip- 

pines 
Taiwan 
Japan 
Panama 
Fiji 








Customs 
value 
($1,000) 





6,016.9 3,216.3 19,0147  11,991.0 
23.6 
1,876.1 
1,070.7 
3,856.0 
1,180.0 


Table 10.—Foreign imports to Hawaii of fishery items, canned and in airtight 
containers, all manner of preparation, net weight in thousand pounds, 1970-77. 


Anchovies Shellfish Other 


54.6 1,323.6 208.9 
153.3 1,218.7 507.0 
228.4 1,247.0 576.6 
242.1 1,225.5 506.0 
213.1 1,898.8 401.0 
358.5 1,315.9 339.0 
355.7 1,319.8 348.0 
305.3 1,243.4 355.5 


19.5 
1,411.3 


3,345.9 

2,749.4 
742.1 727.2 534.2 

1,104.0 185.5 55.7 
538.7 - - 


865.4 
2,019.6 





Total 


1,745.7 
2,193.0 
2,564.9 
2,079.2 
2,566.3 
2,131.9 
2,197.1 
1,989.6 


Tuna 


95.0 
85.6 
55.2 
78.7 
120.0 
112.0 
139.3 
29.6 


Salmon Sardines 


18.6 45.0 
182.5 

389.5 

26.9 


Year 


1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 


‘None reported. 





Shellfish 
New Zea- 
land 
Taiwan 
Japan 


248.1 1,407.9 
134.7 457.5 93.6 


42.3 129.3 18.6 


‘Country of origin as determined by U.S. Customs. 
See footnote 1, Table 8. 


213.0 
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Table 11 reflects edible fishery prod- 
ucts by major type of preparation. 
Tuna, fish fillets, and shellfish compose 
over 90 percent of the total fresh and 
frozen imports to Hawaii for 1976 and 
1977. The itemized entries under 
“‘canned”’ for 1976 reflect over 60 per- 
cent of the total quantity of canned im- 
ports to Hawaii and for 1977 over 78 
percent. The category ‘‘Other fish and 
shellfish’’ reflects the sum over type of 


preparation of the “‘not elsewhere clas- 
sified’’ specifications. 

Table 12 represents estimated per 
capita consumption of foreign imports 
by type of preparation, adjusted to 
pounds of edible fishery products di- 
vided by civilian resident population of 
Hawaii on 1 July of cach year. 


Summary and Conclusions 
The tabulated data show that the total 


Table 11.—Foreign imports of edible fishery products to Hawaii, by principal 
items, 1976 and 1977. 





1976 


1977 





Item 1,000 Ib 


$1,000' 1,000 Ib $1,000" 





Fresh and frozen 
Tuna 
Albacore 
Skipjack 
Yellowfin 
Fillets 
Shellfish 
Clams 
Lobsters 
Shrimp and prawns 
Other 


Canned 
Salmon 
Anchovies 
Sardine 
Not in oil 
Tuna 
Bonito and yellowtail 
Clams 
Shrimp 
Other 


Cured 
Pickled, salted, or 
dried 577.8 
Smoked or kippered 81.3 


Other fish and shellfish 
Total edible 
fishery products 


2,415.2 


19,846.3 


2,980.8 

627.5 
1,507.9 
1,832.1 


14,959.8 
2,343.7 
5,287.8 
3,253.1 


10,183.9 
598.7 
2,158.9 
2,358.4 


27.8 
1,619.8 
779.2 
551.5 


17.3 
245.5 
137.5 
637.4 


26.6 
1,654.9 
486.9 
576.2 


11.6 
305.3 


22.6 
94.4 
43.7 25.3 
35.2 
6.1 
275.7 
104.9 
768.4 


1,078.5 
80.5 


1,278.6 


57.1 80.4 


2,020.6 2,240.8 2,139.1 


14,185.4 30,991.3 22,875.2 





‘See footnote 1, Table 8. 


Table 12.—Estimated Hawali per capita consumption of foreign imports of fish, fishery products, and 
shellfish by year and type of preparation, 1970-77." 





Total civilian 
resident 


Per capita consumption (Ib) 





population, 
July 1 
(1,000 persons) 


Fresh, 
chilled, 


Year frozen? 


Dried, salted, 
pickled, smoked, 
kippered 


Fish in Pastes, 
airtight balls, 
containers sticks 





1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 


722.6 J 0.1 
750.1 . 0.1 
771.3 . 0.1 
785.9 : 0.2 
797.9 i 0.1 
809.0 : 0.1 
825.7 : 0.2 
838.3 y 0.1 


0.6 0.7 
1.3 1.1 
7 1.5 
7 1.6 
0 1.7 
0 2.0 
1.1 2.0 
6.9 1.7 


1 
1 
1 
1 





‘Unadjusted for exports, defense purchases, or beginning or ending stocks. 
2Based on imported weight which is net product weight. In some cases this is meat-weight; in others, this is whole or 


round weight. Customs reports only net product weight. 
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per capita consumption of fish and 
shellfish in the State of Hawaii has been 
higher than the U.S. average over the 
entire period 1970-77. Specifically, the 
following conclusions can be drawn 
about fish and shellfish consumption: 

1) United States per capita total con- 
sumption has followed a slight upward 
trend—from 1973 to 1977, consump- 
tion varied between 5.45 and 5.91 kg 
(12 and 13 pounds). 

2) Hawaii per capita consumption for 
all fish products followed an unclear 
trend over the period. Consumption de- 
clined dramatically from 1972 [11.14 
kg (24.5 pounds)] to 1974 [8.77 kg 
(19.3 pounds) Jand has since followed a 
solid upward trend. 

3) Per capita consumption of fresh 
and frozen fishery products in Hawaii 
has ranged from 206 percent (in 1971) 
to 87 percent (in 1976) above the na- 
tional average. 

4) Per capita consumption of canned 
fishery products in Hawaii since 1973 
has been below the U.S. average. 

5) Per capita consumption of cured 
fishery products in Hawaii has been 
above the U.S. average for the period. 
Since this does not include local Hawaii 
production, the cured fishery products 
consumption rate in Hawaii is actually 
higher than the data indicate. 

These results show that the most pro- 
nounced decline in the 1972-74 period 
occurred in the fresh and frozen catego- 
ry. During this time, factors which may 
have possibly caused the decline were: 
1) A change in tastes due to the public 
concern over high mercury content in 
large pelagic fishes. Market observers 
during this period report that the local 
fishermen were unable to sell many of 
their fish and that it is conceivable it 
would have taken several years for the 
consumers to return to their higher pre- 
ference levels for fish. 2) The observed 
reduction in the quantity of local supply 
during 1972-74 was possibly a result of 
a decline in demand due to a change in 
tastes. 3) At the same time (1972) the 
visitor population began to grow much 
faster (12.2 percent annually) than the 
civilian resident population (2.1 per- 
cent annually). This visitor population 
may exhibit differential consumption 
rates that are higher or lower than the 
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resident population. However, any ef- 
fect other than an absolute increase in 
the population is indeterminant. A di- 
minished supply of fresh fish combined 
with a larger population base would re- 
sult in a lower observed per capita con- 
sumption rate. 

Hawaii has a large recreational 
fishery. The decline in the fresh catego- 
ry may be modified when consumption 
by recreationalists that is not reported in 
the commercial catch is taken into con- 
sideration. Yearly data for recreational 
landings as a separate category are not 
available. A recent study’ used 
Kailua-Kona, Hawaii, survey informa- 
tion to estimate gamefish catch by 
commercial and recreational troller 
vessels for 1976. The authors’ ‘‘Esti- 
mate I’’ (Table 4) represents an adjust- 
ment to statewide Division of Fish and 
Game data which accounts for underre- 
porting and differential vessel catch 
rates by vessel category. When this es- 


‘Cooper, J.C., and M. F. Adams. 1978. Prelimi- 
nary estimates of catch, sales, and revenue of 
game fish for the fishery conservation zone 
around the main Hawaiian Islands, by types of 
troll and longline vessels and by species, 1976. 
Unpubl. rep., 10 p. Southwest Fisheries Center 
Admin. Rep. 24H, Natl. Mar. Fish. Serv., 
NOAA, Honolulu, HI 96812. 


timate was considered, the total Hawaii 
supply of fish and fishery products (for 
1976) increased from 17,829,909.1 kg 
(39,212,600 pounds) to 18,432,090.9 
kg (40,550,600 pounds), per capita 
consumption of fresh and frozen fish 
increased from 6.95 kg (15.3 pounds) 
to 7.32 kg (16.1 pounds), and total 
Hawaii per capita consumption in- 
creased from 9.27 kg (20.4 pounds) to 
9.64 kg (21.2 pounds). Consumption 
of canned and cured fish are unaffected. 
It should be noted that the above esti- 
mate should therefore be considered as 
an approximation of one component of 
total recreational catch, that component 
caught by troller vessels and sold. Rec- 
reational catch that is not sold does not 
have to be reported. 

Estimates of per capita consumption 
rates and the trends of these rates pro- 
vide valuable input to research and pol- 
icy planning. Specific determinants of 
this consumption have not been ad- 
dressed here. However, these results 
have implications in particular for the 
Hawaii fishing industry, the aquacul- 
ture development program in Hawaii, 


Population is total resident civilian. 


the State of Hawaii Fisheries Develop- 
ment Plan, and Regional Fishery Man- 
agement Plans. 
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Polychlorinated Biphenyls in Fish and 
Shellfish of the Chesapeake Bay 


MAX EISENBERG, REBA MALLMAN, 
and HASKELL S. TUBIASH 


Introduction 


Polychlorinated biphenyls (PCB’s) 
were first synthesized in 1881 and pre- 
pared commercially in 1930 when 
physical characteristics and potential 
industrial applications were described 
(Standen, 1964). Since then they have 
been universally employed and highly 
regarded for their wide spectrum of use- 
ful chemical and physical properties, 
including low vapor pressure at am- 
bient temperatures, resistance to com- 
bustion, remarkable chemical stability, 
high dielectric constant, high specific 
electrical resistivity, low water solubil- 
ity, and high lipid solubility. 

PCB’s are synthesized commercially 
by controlled chlorination of biphenyls 
with anhydrous Cl, in the presence of 
iron filings or FeCl, as a catalyst, yield- 
ing a mixture of PCB’s and HCl. The 


Max Eisenberg is Acting Director of the En- 
vironmental Health Administration, Maryland 
Department of Health and Mental Hygiene, Bal- 
timore, MD 21201; Haskell S. Tubiash is with the 
Toxic Substances Control Program of the Ad- 
ministration; and Reba Mallman (retired) was 
with the Pesticide Laboratory, Laboratories Ad- 
ministration, Maryland Department of Health and 
Mental Hygiene. 


PCB’s are identified by a four digit 
numbering code, the first two digits 
representing the molecular type, while 
the last two digits give the weight per- 
cent of chlorine (Fig. 1). Thus Aroclor 
1254 (Monsanto)!, is a 1-2 chlorinated 
biphenyl containing 54 percent 
chlorine. The line of biphenyls avail- 
able from Monsanto, for example, 
ranged from 21 to 68 percent chlorine. 
Two hundred nine possible chlorobi- 
phenyl isomers exist (Mieure et al., 
1976). 

Highly chlorinated PCB’s are white 
crystalline solids, while the lower 
chlorinated compounds are clear, vis- 
cous liquids, the viscosity increasing 
with increased chlorine content. Practi- 
cally, PCB’s seldom appear as pure 
compounds, but rather as mixed iso- 
mers. The characteristics of PCB’s 
which make them particularly suitable 
for industrial use are their thermal and 
chemical stability. Ironically, it is 
exactly these properties, plus the fact 
that PCB’s are readily absorbed and 


1Reference to trade names or commercial firms 
does not imply endorsement by the National 
Marine Fisheries Service, NOAA. 





ABSTRACT—Polychlorinated biphenyls 
(PCB’s) are a class of persistent, highly 
stable, almost universally distributed toxic 
industrial chemicals with an affinity for fatty 
tissues of terrestrial and aquatic animals. 
Their use other than in closed-system elec- 
trical applications, such as transformers 
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and capacitors, is banned in the United 
States. In 1976, a survey of approximately 
300 samples of mollusks and finfishes from 
100 stations in the Maryland portion of the 
Chesapeake Bay and its tributaries revealed 
no instances of PCB levels exceeding or 
approaching generally accepted safe levels. 


concentrated as they proceed up the 
trophic levels of the food web, which 
makes them so environmentally 
hazardous. 

As universal contaminants, PCB’s 
have essentially the same distribution 
pattern as DDT. The ubiquitous pres- 
ence of PCB’s is partly explained by the 
range and diversity of their utility, 
which has been so extensive that 
scarcely anyone can or has escaped 
their contact. 

Since 1971, the employment of 
PCB’s has been closely restricted and at 
present they are principally used in 
“*closed-system’’ transformers and 
capacitors. But prior to 1971, approxi- 
mately 40 percent of U.S. PCB produc- 
tion went into such ‘‘open’’ applica- 
tions as plasticizers, hydraulic fluids, 
lubricants, sealants, and adhesives; as 
laminates in the fabrication of safety 
glass, ceramics, and metals; and as ad- 
ditives in paints, varnishes, putties, and 





Biphenyl 


2, 2', 3-Trichlorobipheny! 


Cl 


2, 2',3,4'- Tetrachlorobipheny| 











Figure 1.—Numbering system for 
biphenyl structure (from Mieure et 
al., 1976). 





caulking compounds. They were incor- 
porated into washable wall coverings 
and upholstery materials, and were 
widely used for flame- and water- 
proofing canvas and synthetic yarns. 

After serving such expendible uses, 
such PCB’s became (and continue to 
become) ‘‘lost’’ into the environment 
whsre they infiltrate the biosphere and 
continue to resist degradation. Since 
PCB’s were used extensively in print- 
ing inks and dye microencapsulation 
for carbonless duplicating papers, these 
persistent agents thereby still find a 
ready entry into recycled paper and 
paper products. 

As chemical toxicants, PCB’s are 
unique since, unlike most other persis- 
tent contaminants (i.e., pesticides), 
they were never consciously distri- 
buted into the environment. 


Effects on Humans 


The deleterious effects of PCB’s on 
human health became evident in 1968 
when a Japanese rice oil became mas- 
sively contaminated with PCB leaking 
through a defective heat exchanger 
(Kuratsume, 1976). Over 1,000 clini- 
cal cases of the new disease called 
“*kanemi yusho’’ (literally ‘‘oil dis- 
ease’’) occurred with an estimated sub- 
clinical exposure of up to 15,000 sub- 
jects. In this episode involving 
Kanechlor 400, a Japanese manufac- 
tured PCB, the average clinical case 
ingested about 2,000 mg of PCB. It was 
estimated that the minimum dose for 
breeching the clinical horizon was 500 
mg ingested over 50 days— 
approximately 200 yg/kg body weight 
per day (Higuchi, 1976; Kuratsume, 
1976). 


Four stages of the disease were iden- 
tified: latent, visceral, manifest, and de- 
layed. The latent stage was asymptoma- 
tic in the adult, but PCB entered the 
tissues and, in lactating mothers, was 
transferred to nursing infants via the 
milk. Dark pigmentation of the infants’ 
nail beds and mucus membranes of the 
eyes were signs of latent contamina- 
tion. 

In the visceral stage, victims experi- 
enced nausea, vomiting, and weak to 
mild jaundice with coughing and bron- 
chitis. The manifest stage was charac- 
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terized by dermatological signs with 
dark pigmentation of skin and nails, 
runny eyes, hair loss, numbness of 
extremities, dizziness, and some long- 
range chronic effects. 

In the delayed or tardy stage, the 
pathologic signs and symptoms re- 
mained latent for up to 3 years follow- 
ing the rice oil incident. 

As awareness of the Japanese 
episode spread through the medical and 
scientific community, PCB’s were 
identified as cosmopolitan contami- 
nants in air, water, animal, and human 
tissues, where they show an affinity for 
and accumulate in fats. 


PCB Control 


During the intervening years, Fed- 
eral and State legislation has increas- 
ingly restricted the use of PCB’s with 
the objective being ultimate elimina- 
tion. Their use in other than limited 
closed systems (capacitors and trans- 
formers) is presently banned and dis- 
posal of existing PCB stocks is closely 
regulated by Federal and State laws. 
PCB levels in terrestrial, aquatic, and 
marine ecosystems and their biota are 
being monitored routinely by State and 
Federal agencies. 

Maryland’s Department of Health 
and Mental Hygiene includes PCB 
analyses among an array of parameters 
assayed in finfish and shellfish from the 
Chesapeake Bay, the Nation’s largest 
and most productive estuary. The State 
of New York has a comparable program 
for monitoring PCB’s in the Hudson 
River watershed and estuary (Hetling et 
al., 1978). 

Filter-feeding bivalve mollusks are 
efficient concentrators of most particu- 
late and some dissolved pollutants and 
heavy metals and they are sometimes 
employed as indicator species. 
Monitoring shellfish serves both to de- 
termine their safety and wholesome- 
ness as food and to evaluate the condi- 
tion of their aquatic environment. 


Materials and Methods 


The Maryland Department of Health 
and Mental Hygiene continually 
monitors the edible fishes of the 
Chesapeake Bay and its tributaries for 


heavy metals, chlorinated hydrocar- 
bons, and other physical and biological 
parameters (Fig. 2). During 1976 ap- 
proximately 300 samples of finfish and 
shellfish collected from 100 stations in 
Maryland’s portion of the Chesapeake 
Bay and its tributaries were analyzed 
for PCB’s. Shellfish were collected by 
tongs or dredges while finfish were 
taken by trawls, gill nets, or hook-and- 
line. Occasionally, samples were ob- 
tained on station from commercial 
fishermen. Mollusks were sampled on a 
year-round basis, and finfish were sam- 
pled as they were seasonally available. 

One hundred thirty-one samples of 
mollusks (principally American oyster, 
Crassostrea virginica) and 146 samples 
of finfish—principally bluefish, 
Pomatomus saltatrix; striped bass, 
Morone saxatilis; white perch, Morone 
americana; and weakfish, Cynoscion 
regalis—were included in the study. 
All samples were analyzed for pes- 
ticides and heavy metals. Several mis- 
cellaneous shellfish and finfish were 
also analyzed, including roe samples of 
gravid striped bass, white perch, and 
yellow perch, Perca flavescens , and the 
meat of three blue crabs, Callinectes 
sapidus . 

For pesticide and PCB analyses, 
finfish were gutted and filleted and the 
fillets used for extraction. Mollusks 
were scrubbed clean, shucked and 
drained, and the shell liquor discarded. 
In both cases approximately 200 g of 
meat were homogenized. For finfish 
50-g and for shellfish 100-g portions of 
homogenate were utilized. Analytical 
procedures were in accordance with the 
U.S. Food and Drug Administration 
(FDA) procedures (McMahon and 
Sawyer, 1977). Homogenates were ex- 
tracted with acetonitril. The acetonitrile 
extracts were diluted with water, the 
residues transferred to petroleum ether, 
and the ether put through a Florisil col- 
umn? to separate the residues from the 
other extracted substances. Hexane 
was used as the first eluant to separate 
the PCB’s from most of the other 
chlorinated hydrocarbons. The eluate 


210 percent DC 200 on Chromosorb WHP, 
80/100 mesh; column temperature 190°C. 
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Figure 2.—Chesapeake Bay showing principal sampling stations. 


was concentrated and the residues iden- 
tified and quantitated on Perkin Elmer 
Models 900 and 3920 and Barber Col- 
man Model 5360 gas chromatographs 
equipped with ®°Ni detectors. Reten- 
tion time of peaks in the standard were 
matched against peaks in the sample 
(Fig. 3) and concentrations were calcu- 
lated from height of matching peaks. 
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Results 


Finfish results for both PCB 1254 
and 1260 are summarized in Table 1 
and for shellfish in Table 2*. Combined 


3Detection limits are valid to parts per billion 
(ppb). 
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Figure 3.—Gas chromatograms of 
standard Aroclor 1260 (A), and of 
striped bass sample (B). Gas 
chromatography was performed on a 
Barber Coleman 5360 chromato- 
graph with 10 percent DC on 
Chromosorb WHP (80/100 mesh) 
and zlectron capture detector (®*Ni). 
The injection temperature was 250°C 
and the column temperature was 
230°C. 


results are listed in Table 3. In 80 finfish 
samples the level of PCB 1254 aver- 
aged 0.20 ppm while in 66 samples 
PCB 1260 showed an average concen- 
tration of 0.34 ppm. The weighted 
PCB’s average for 146 samples tested 
was slightly less than 0.27 ppm, with a 
range of 0 to 0.98 ppm. Striped bass 
averaged 0.23 ppm, bluefish about 0.35 


23 





Table 1.—-Maryland PCB survey of finfish, 1976. 


Number 
of 
samples 


Table 3.—Maryland PCB survey of shellfish and finfish, 1976. 


Number 
of 
samples 








PCB levels (ppm) 
Mean Median 


PCB levels (ppm) 
Median 








Species and PCB 


Finfish (1254) 
Rockfish 0.23 «(0.18 
Bluefish 0.32 0.32 
Seatrout (weakfish) 0.05 0.05 
White perch 0.21 0.24 
Yellow perch 0.20 0.18 
Pumpkinseed 0.35 0.35 
Mehaden 0.49 ~83=0.49 
Channel catfish 0.43 0.43 
Carp 0.12 0.12 


Species and PCB 

Shellfish (1254) 
Oysters 115 0.02 0.03 
Hard clams 3 0.02 0.02 
Softshell clams 0.02 0.03 


Range Mean Range 








0 to 0.07 
0 to 0.03 
0 to 0.06 


0 to 0.58 
0.31 to 0.33 
0.02 to 0.13 

0 to 0.42 
0.13 to 0.29 


= 
o 


Shellfish (1260) 
Blue crabs 
Shellfish (1254 & 1260) average & range 


0.05 0.05 
0.02 0.03 


0.04 to 0.05 
0.00 to 0.07 


Ble 


Finfish (1254) ‘ce orn 
i fe to 0. 
0.32 . 0.31 to 0.32 
0.05 X 0.02 to 0.13 
0.21 i 0 to 0.42 
0.20 5 0.13 to 0.29 
0.35 F 0.35 
0.49 R 0.48 
0.43 F 0.43 
0.07 J 0.07 
0.07 A 0.07 
0.00 


Spot 0.07 0.07 Rockfish 
Flounder 0 0 
0.20 0.16 


Bluefish 
Seatrout (weakfish) 
White perch 
Yellow perch 
Pumpkinseed 
Mehaden 
Channel catfish 
Carp 
Spot 
Flounder 

Finfish (1254) average & range 


(1254) Averages and range 0 to 0.58 
Finfish (1260) 
Rockfish 0.24 80.25 
Bluefish 0.35 0.32 
(1260) Averages and range 0.34 0.31 
(Both PCB's) Averages and range 0.27 0.23 


0.22 to 0.26 
0.04 to 0.98 
0.04 to 0.98 

0 to 0.98 





g| SBwk 
ere 


0.00 

0.00 to 0.58 

Table 2.—Maryland PCB survey of shellfish, 1976. 

Number 
of 

samples 





Finfish (1260) 
Rockfish 
Bluefish 
Finfish (1260) average & range 


PCB levels (ppm) 
Median 


0.22 to 0.26 
0.04 to 0.98 
0.04 to 0.98 





Species and PCB 


Shellfish (1254) 
Oysters 0.02 0.03 
Hard Clams 0.02 0.02 
Softshell clams 0.02 0.03 
Averages and range 0.02 0.03 


Mean Range 





0 to 0.07 
0 to 0.03 
0 to 0.06 
0 to 0.07 


Finfish (1254 & 1260) average & range 0.00 to 0.98 
Finfish roe (1260) 

Rockfish 

White perch 

Yellow perch 
Finfish roe (1260) average & range 


Shelifish (1260) 


1.77 to 3.33 
Blue crabs 0.05 0.05 


0.04 to 0.05 0.33 to 3.33 








ppm, weakfish (sea trout) 0.50 ppm, 
and white perch 0.21 ppm. 

Bivalve mollusks had almost negli- 
gible PCB burdens, showing a mean 
level of 0.02 ppm in 131 samples. Oys- 
ters, the most important food resource 
in the Chesapeake Bay, ranged from 0 
to 0.07, with an average 0.02 ppm of 
PCB 1254. Softshell clams, Mya 


Table 4.—PCB (1260) content of finfish roe. 


— PCB levels (ppm) 


Species samples Mean Median Range 
Rockfish 1 2.20 2.20 2.20 
(striped bass) 
White perch 1 0.33 0.33 0.33 
Yellow perch 2 2.55 2.55 1.77-3.33 
Average and 
range 4 1.90 1.98 





from the Maryland portion of the 
Chesapeake Bay, the Westinghouse 
study showed an average PCB burden 
of 0.26 ppm, an almost identical value 
to our findings with approximately 140 
samples of mixed species. 

PCB levels in Chesapeake Bay fishes 
determined by the Annapolis Laborato- 
ry of the Environmental Protection 








0.33-3.33 





arenaria, showed mean and median 
levels identical to oysters. Three blue 
crab, C. sapidus, samples tested for 
PCB 1260 also gave low readings with 
mean and median levels of 0.05 ppm. 
With both finfish and shellfish, no area 
tested in Maryland waters showed 
marked PCB increases above the mean 
or median. 

Four incidental samples of fish roe 
were included in the study. This was 
insufficient to constitute a representa- 
tive sample, but possibly adequate to 
indicate a trend (Table 4). As expected, 
the gametes showed appreciably ele- 
vated PCB (1260) levels as compared 
with somatic tissues, averaging 1.9 
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ppm with a range of 0.33 to 3.33. White 
perch roe averaged 0.33 ppm while 
striped bass and yellow perch averaged 
2.20 and 2.55 ppm, respectively. 


Discussion 


The PCB values of finfish in our 
study averaged approximately 0.26 
ppm, well below the present FDA limit 
of 5 ppm and an order of magnitude 
below the proposed 2 ppm standard. In 
1976, Westinghouse Electric Corpora- 
tion conducted a study of PCB’s in the 
Chesapeake Bay for the Environmental 
Protection Agency (Munson et al., 
1976). In 27 samples of striped bass 


Agency were also in general agreement 
with ours (Forns45). Conversely, 
findings by New York State’s ongoing 
PCB monitoring program indicated 
levels in New York’s freshwater and 
estuarine finfishes substantially higher 


4Forns, J. M. 1975. Marine biology. Jn T. O. 
Munson, D. K. Fla, and C. Rutledge (editors), 
Upper bay survey, final report to the Maryland 
Department of Natural Resources, II, p. 1-35. 
Westinghouse Ocean Research Laboratory, An- 
napolis, Md. 

5Forns, J. M. 1976. PCB concentrations in 
striped bass and eggs. Final report to EPA, No. 
WD6-99-0673B, 10 p. Westinghouse Ocean Re- 
search Laboratory, Annapolis, Md. 
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Table 5.—PCB levels in selected New York finfish, 1977." 


No. Average 
of PCB levels 
Species samples (ppm) 
Smalimouth bass 297 4.02 


Trout 20 5.30 
White perch 81 4.11 





Location 
Lake Ontario 





St. Lawrence 
River Smallmouth bass 46 2.20 
White perch 14 5.00 


Hudson River Striped bass 116 13.85 


1Derived from: New York State Department of Environmen- 
tal Conservation, 1977. Monthly report on toxic substances 
impacting on fish. Division of Fish and Wildlife Report |, April 
20, 1977, 14 p. 





than some we have found (Hetling et 
al., 1978; Table 5). Munson et al. 
(1976) found that Virginia samples 
were generally higher than those from 
the Maryland portion of Chesapeake 
Bay. 

The PCB in bivalve mollusks was 
predominantly compound 1254 and in 
the decapod crustacean blue crabs it 
was mainly formula 1260. In the finfish 
1254 was also predominant, except for 
bluefish, where 1260 again prevailed 
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(Tables 1-3). Munson et al. (1976) 
found PCB 1254 predominant in Mary- 
land fishes while 1260 predominated in 
the Virginia portion of the Bay. How- 
ever, regardless of geographic origin, 
the predominant PCB in finfish roe was 
1260, again in accordance with our 
findings (Table 4). 

The current FDA tolerance or ‘‘ac- 
tion level’’ for PCB’s in foodfish is 5 
ppm. Barring drastic, unanticipated in- 
creases in concentrations, PCB’s in 
edible fishes from the Chesapeake Bay 
should remain far below existing or 
proposed maximum permissible levels. 
Preliminary findings from our 1978 
Chesapeake Bay Survey show no sig- 
nificant variations for the results re- 
ported here. 
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Bait Loss From Halibut Longline Gear 
Observed From a Submersible 


Introduction 


Demersal longline gear is fished 
along the west coast of the United 
States for Pacific halibut, Hippoglossus 
stenolepis; sablefish, Anoplopoma 
fimbria; and spiny dogfish Squalus 
acanthias. Little information is avail- 
able on the behavior of fish around the 
gear and bait, bait durability on hooks, 
predators other than the target species, 
and other factors. Usually the gear is 
fished in deep water, quite inaccessible 
to direct view or remote data collecting 
systems. Consequently most conclu- 
sions drawn as to catch per unit effort, 
bait or hook effectiveness, predation on 
bait and catch, and competition by var- 
ious species are derived after the gear is 
retrieved. 

Skud and Hamley (1978) reported 
upon experiments conducted by the In- 
ternational Pacific Halibut Commission 
(IPHC) to measure catch with relation 
to soak (time left on the bottom) and 
bait loss. They reported that bait loss 
occurred while the gear was being set 
and from feeding by target species and 
by other predators. 





ABSTRACT —During July 1978 the 
submersible Nekton Gamma was used by 
National Oceanic and Atmospheric Admin- 
istration (NOAA) investigators to observe 
halibut longline gear in Alaskan waters. 
Rate of Pacific herring, Clupea harengus 
pallasi, bait loss to predators was higher 
than of octopus, Octopus dofleini, baited 
hooks. Species of fish caught included 
Pacific halibut, Hippoglossus stenolepis; 
arrowtooth flounder, Atheresthes stomias; 
sculpins, family Cottidae; rockfishes, fam- 
ily Scorpaenidae; and others. 
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WILLIAM L. HIGH 


During July 1978 National Oceanic 
and Atmospheric Administration 
(NOAA) scientists conducted a series 
of dives using the chartered submersi- 
ble Nekton Gamma to study longline 
gear and predation on bait. The study 
was conducted in Frederick Sound, 
Alaska, adjacent to the northwest shore 
of Kupreanof Island. Our objective was 
to view from the Nekton Gamma de- 
mersal halibut longline gear on com- 
mercial fishing grounds. When we were 
near the bottom, we observed 1) the 
behavior of fish before, during, and 
after they attacked the bait on the 
hooks, 2) other predators of the bait, 
and 3) length of time the bait, either 
Pacific herring, Clupea harengus pal- 
lasi, or octopus, Octopus dofleini, re- 
mained on the hooks. 


Methods 


Two typical halibut longline skates, 
composed of 250-fathom (fm) (458-m) 
groundline with 13-foot (4.0-m) hook 
spacing (IPHC, 1978) were fished from 
the NOAA RV John N. Cobb at depths 
from 165 feet (50.3 m) to 540 feet 
(164.6 m). The gear was set slowly 
without a chute to reduce the possible 
loss of bait from hooks during the set. 
The skates were baited with large her- 
ring pieces (from frozen blocks) except 
for one skate having herring and fresh 
octopus pieces on alternate hooks. 

Following the set, the John N. Cobb 
stood by to assist the Nekton Gamma if 
it became entangled with the halibut 


William L. High is with the Northwest and 
Alaska Fisheries Center, National Marine 
Fisheries Service, NOAA, 2725 Montlake 
Boulevard East, Seattle, WA 98112. 


longline gear. A_ self-contained 
battery-powered acoustic transmitter 
was attached near the gear anchor for 
the submersible pilot to locate the 
groundline. While the pilot maintained 
a course parallel to the groundline and, 
when possible, 2-3 feet (0.6-0.9 m) off 
bottom, we attempted to view each 
hook. Observations, voice recorded on 
magnetic tape, included presence or ab- 
sence of bait on hooks, predators pres- 
ent or eating the bait, fish species 
hooked or near the bait, and whether the 
hook was fishing or snagged. We 
photographed the gear, predators, and 
fish with an externally mounted 35-mm 
underwater camera. 


Results 


Four dives were made to view the sea 
floor and longline gear. The sea floor 
composition varied from gravel to 
boulders rising 5-6 feet (1.5-1.8 m) off 
bottom and equally long. The large 
boulders presented some hazard to the 
submersible, especially when it was 
necessary to travel down current. Un- 
fortunately, the current on the bottom 
could not be predicted from the direc- 
tion or magnitude of the surface cur- 
rent. 

We were able to view the longline 
gear and fish readily from the submer- 
sible. Fish did not appear frightened 
during these or other survey dives. On 
the contrary, halibut followed us sev- 
eral times until we could count as many 
as 15 (Fig. 1). Halibut dispersed slowly 
after the submersible settled to the sea 
floor, whereas sculpins occasionally 
gathered in moderate numbers (well 
over 50 individuals) while we were mo- 
tionless. 
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Figure 1.—Both halibut and sculpin were attracted to the submersible. Note swimming halibut in the upper 


Bait Loss 


Strong tidal current on the bottom 
precluded our prompt arrival at the gear 
site to observe whether the setting pro- 
cess contributed to bait loss. Con- 
sequently our first view of the hooks 
was 30 minutes or more after the set. 
Even after this short period, crab and 
shrimp were actively feeding on the 
baited hooks. Because the International 
Pacific Halibut Commission studies 
showed that few baits were lost to the 
normal setting process and our gear sets 
were carefully done to avoid bait loss, 
we concluded that all observed bait loss 
was from predators (Fig. 2). The ob- 
served gross bait loss rate exceeded a 50 
percent loss within 5 hours reported by 
Skud and Hamley (1978). Hooks with 
fish were excluded from the tabulation. 
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left with two others nearly obscured behind it. 


Figure 2.—Loss of herring and octopus bait from longline hooks in relation to 
length of time after the gear had been set. 
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Figure 3.—A portion of demersal longline with a gangion and hook is shown on the sea floor. Two shrimp of 


the type seen covering many baits were apparently attracted to the bait. 


While one could reasonably assume 
that bait was available when the fish 
became hooked, our observations 
showed that eight fish were hooked at 
locations where previously the hook 
was without bait. We offer no explana- 
tion for this anomaly. 

Shrimp, hermit crab, and brachyuran 
(true) crab were the most abundant ob- 
served predators on herring-baited 
hooks in Frederick Sound (Fig. 3). 
Often we could not see the herring bait 
beneath a mound of feeding animals. 

Octopus baits, on the other hand, 
only once appeared to have an animal 
feeding on them. Our observations 
suggested that herring, though fragile, 
was more attractive to predators. 


Fish Catches 


Some fish passed near the baits with- 
out apparent interest while other fish 
were seen to strike at the bait or become 
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hooked. Of 56 fish we observed hooked 
during the several dives, 14 (25 per- 
cent) were missing from the gear on the 
subsequent survey. Six of 10 (60 per- 
cent) arrowtooth flounder, Atheresthes 
stomias , were missing, whereas only 5 
of 26 (19 percent) Pacific halibut were 
missing. We thought these fish escaped 
or were removed by larger predators. A 
large skate, Raja binoculata, became 
hooked where we previously observed 
an arrowtooth flounder. Other species 
observed hooked included sculpin, 
family Cottidae; yelloweye rockfish, 
Sebastes ruberrimus; Pacific cod, 
Gadus macrocephalus; salmon shark, 
Lamna ditropis; and shortspine thorny- 
head rockfish, Sebastolobus alascanus. 

The catch of fish on herring-baited 
hooks increased in a decreasing rate 
with soak during the first 3 hours until 
most herring bait was gone from the 
hooks (Fig. 4). Octopus, on the other 


hand, produced few fish caught during 
the early soak. While we recognize that 
the data are meager, it does suggest that 
the catch rate of hooks with octopus bait 
is low. Octopus bait was apparently 
less attractive to small feeding inverte- 
brates, and because the flesh is tough, 
the bait remained on the hooks over a 
long period resulting in a catch similar 
to that with herring bait. Therefore, 
when halibut longline gear must have a 
long soak, octopus bait will remain 
available for a longer time than herring. 
When the gear soak is short, octopus 
offers no advantage. 

Some hooked fish were detected at a 
distance greater than 65 feet (19.8 m) 
because their escape efforts caused 
considerable movement of the 
groundline. On one occasion, a hooked 
halibut swam more than 8 feet (2.4 m) 
off bottom carrying the groundline onto 
our submersible. Deft maneuvering 
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Figure 4.—Catch of fish on herring- or octopus-baited hooks at time intervals 
following gear set. 


cleared the line but the incident pointed 
up a potential hazard to a submersible 
operating near gear considered to be 
lying quietly on the ground. 


Summary 


Our observations of longline halibut 
hooks in Frederick Sound, Alaska, 
baited with Pacific herring or octopus, 


show that predators such as fish, 
shrimp, hermit crab, and brachyuran 
crab contribute to a rapid loss of herring 
bait. Herring bait attracted far greater 
numbers of invertebrates than did fresh 
octopus and, as a result, after a 2-hour 
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soak, more than 80 percent of the her- 
ring was consumed whereas only about 
15 percent of the octopus was missing 
from the hooks. Catch of fish on 
herring-baited hooks in the first 2 hours 
of soak was much higher than for 
octopus-baited hooks. A decreasing 
catch rate for herring with soak is as- 
sociated with the rapid bait loss. Al- 
though the data are meager, they 
suggest that because of the longer reten- 
tion of octopus bait on the hook, the 
catch in long soaks is similar to that of 
herring. Therefore, on grounds with 
many actively feeding invertebrates, 


fishermen are faced with the selection 
of a best balance of bait type and length 
of soak. 

Strong near-bottom currents and un- 
predictable movements of the ground- 
line caused by hooked fish presented 
some potential hazards to the submersi- 
ble. 
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Three Different Delivery Modes for 
Fresh-Caught Pacific Whiting, 
Merluccius productus 


CAVIN W. PHILBIN 


Introduction 


The objective of this paper is to aid 
American fishermen in making deci- 
sions on whether to enter into the 
Pacific whiting, Merluccius productus , 
fishery and to illustrate three possible 
modes of delivery. It is not the intention 
of this report to promote a particular 
approach but to create an unbiased view 
to put forth as many feasible options as 
possible to the potential Pacific whiting 
fisherman. 

Costs and fishing periods mentioned 
in this paper are conservative. How- 
ever, it must be remembered that the 
catch rates illustrated were recently 
achieved by a very modern and efficient 
trawler, designed for the purpose of 
catching a high volume species such as 
Pacific whiting, by a highly competent 
skipper and crew. 

It should be stressed that this paper 
deals only with the nature of the Pacific 
whiting fishery at present and that per- 
sons concerned should realize that a 
continuing investigation of this fishery 
is needed as technology and effort in- 
crease. To avoid some of the problems 
that have characterized domestic 
fisheries in the past, management, bus- 
iness, and education should work to- 
gether to guarantee that the Pacific 
whiting fishery sustain itself to as many 
people and for as long as possible. 


Cavin W. Philbin’s present address is 933 N. 
Northlake Way, Seattle, WA 98103. Views or 
opinions expressed or implied herein do not 
necessarily represent those of the National 
Marine Fisheries Service, NOAA. 
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When the U.S. Congress provided 
the American fisherman with the 200- 
mile fishing zone, the United States be- 
came trustee of a valuable source of 
national income as well as a potential 
reserve of world protein. As a nation, 
we are responsible for its efficient utili- 
zation. 

Pacific whiting is one of the most 
abundant species of fish in the northeast 
Pacific Ocean. During the months of 
April through November, long, nar- 
row, dense schools of Pacific whiting 
migrate from waters off southern 
California to Oregon and as far north as 
Vancouver Island, Canada (Nelson and 
Larkins, 1970). 

Pacific whiting are generally caught 
at depths that range from 20 to 200 
fathoms. According to reports from a 
1978 U.S. observer, large foreign trawl- 
ers set nets at depths usually between 
100 and 150 fathoms while smaller 
American fishing boats concentrate 
their effort between 60 and 100 
fathoms, using mid-water trawl gear. 
This species is harvested primarily 
during the day due to its rise and disper- 
sion in the water column at night to feed 
(Nelson and Larkins, 1970). 

In April 1966, the Soviets began an 
intensive trawl fishery for Pacific whit- 
ing off the coasts of Oregon and 
Washington, landing an estimated 
141,000 tons. During the latter part of 
the 1960’s and early 1970’s, the Soviet 
fleet alternated fishing effort off the 
Oregon and Washington coasts. During 
April, May, August, and September, 
the Soviets fished primarily off the 
Oregon coasts while during June, July, 
October, and November, the Soviet 


fishing effort remained mostly off 
Washington (Hitz, 1970). 

The general feeling from fishermen 
and government officials alike is that 
schools of Pacific whiting are now con- 
centrated primarily off the coast of 
Oregon, between Coos Bay and As- 
toria. Part of this change of distribution 
pattern is due to the establishment of 
closed areas off the Washington coast 
and changes in the age composition of 
the stocks. According to Bill Neff of 
Pacific Hake Fisheries of Astoria, 
Oreg., most of the resource tends to 
congregate between Coos Bay and 
Newport, Oreg., from May to July. As 
August approaches the schools begin 
migrating northward, centering primar- 
ily off Astoria. A large percentage of 
the catch has occurred roughly 20-30 
miles off Heceta Head, about a 6-hour 
run north of Coos Bay. 

From an optimum yield for Pacific 
whiting of 130,000 metric tons (t), the 
domestic annual harvest (DAH) was 
established for 1978 at 41,000 t by the 
Preliminary Management Plan for the 
trawl fisheries of Washington, Oregon, 
and California.1 The DAH for this 
species was established by surveying 
domestic processors concerning projec- 
tions of their 1978 processing 
capabilities for Pacific whiting. Marine 
Resources Co.” projection of its pro- 
cessing intentions for Pacific whiting in 
1978 was 34,000 t, or all but 7,000 t of 
the total DAH. Marine Resources Co. 
is a U.S. corporation which has suc- 
ceeded in negotiating the lease of Rus- 
sian processor vessels in order to pro- 
cess American-caught Pacific whiting 
off the coasts of Washington and Ore- 
gon. 

In September of 1978, the trawler 
Lady of Good Voyage was one of two 
trawlers contracted by Marine Re- 
sources Co. to deliver Pacific whiting to 
the Russian BMRT trawler/processor, 


1Stafne, S. E. 1978. White paper on the permit 
applications for the Sulak and Tikvin to process 
fish for Marine Resources Company, Inc.,a U.S. 
company. Unpubl. manuscr., 104 p. Stafne and 
Hemphill, Seattle, Wash. 

*Reference to trade names or commercial firms 
does not imply endorsement by the National 
Marine Fisheries Service, NOAA. 
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Table 1.—Delivery mode comparison and vessel characteristics.’ 





Description 





Vessel, Lady of Good Voyage 
(a) Two diesel engines: 365 hp each, 730 hp/1800 rpm 
(b) Fishing gear: Polish rope wing trawl for midwater trawling 
(c) Generating capacity: 150 kw 
(d) Gearing: 5.1/7.1 reduction gear; kort nozzle; two propellers 
(e) Hold capacity: 280,000 pounds iced; 5,300 cubic feet. 
(f) Heading and gutting machine: Baader model 160, 35 to 45 fish per minute 
(g) Chilled seawater system used for fishing mode delivering round Pacific whiting to shore-based processor 


Mode A B Cc 

Round delivery to shore plant Headed and gutted delivery to shore plant Delivery to floating processor 

6 (5 working) 7 (6 working) 5 (4 working) 

20 days fishing/month 20.5 days fishing/month 24 days fishing/month 

20 days down for adverse 20 days down for adverse weather and 11 days down for adverse weather 
weather & processing processing complications 133 total annual fishing days 
complications 103 total annual fishing days 

100 total annual fishing days 

42 tons/day 

4,200 tons/season 

0.06¢/pound ($132.00/ton) 

$554,400.00 











Crew 
Operating schedules? 


Daily catch in weight delivered 
Annual catch rate 

Ex-vessel price 

Gross stock 


34.65 tons/day @ 60% yield = 20.79 tons/day 
2,141.37 tons/season 

0.15¢/pound ($300.00/ton) 

$642,411.00 


42 tons/day 

5,628 tons/season 
0.06¢/pound ($132.00/ton) 
$742,896.00 


Operating Expenses; Expendables 
(9) Fuel 
(10) Provisions 
(11) Ice 
(12) Lubrication etc. 
Subtotal 


$19,008.00 
$6,600.00 
$23,650.00 
$6,000.00 
$55,258.00 


$18,981.00 
$7,931.00 
$9,477.20 
$6,000.00 
$42,389.20 


$17,334.00 

$7,370.00 
no ice needed 
__$6,000.00_ 

$30,704.00 


(13) 5% Contingency 
(14) Oregon state landing tax 
Total operating expenses 


$2,762.90 
$21,000.00 
$79,020.90 


$2,119.46 
$10,706.85 
$55,215.51 


$1,535.20 
not applicable 
$32,239.20 


(15) 
(16) 


Gross profit for division 
Crew share (35%) 

each crew share 
Captain's share (15%) 
Gross vessel share (50%) 


$475,379.10 

$166,382.68 
$27,730.45 (5.8%) 
$71,306.87 

$237,689.55 


$587,195.49 

$205,518.42 
$29,359.77 (5.0%) 
$88,079.32 

$293,597.74 


$710,656.80 
$248,729.88 
$49,745.98 (7.0%) 
$106,598.52 
$355,328.40 


(17) 
(18) 


Fixed annual costs 

(19) Gear maintenance 

(20) Hull insurance 

(21) P&l 

(22) Depreciation 

(23) Business and indebtness 
Total fixed costs 
Profit before taxes 

(24) Income tax 

Net profit 


$15,000.00 
$15,750.00 
$12,500.00 
$99,526.96 
$75,000.00 
$217,776.96 
$19,912.59 


$15,000.00 
$15,750.00 
$15,000.00 
$99,526.96 
$75,000.00 
$220,276.96 
$73,320.78 


$15,000.00 
$15,750.00 
$10,000.00 
$99,526.96 
$75,000.00 
$215,276.96 
$140,051.44 
$3,989.52 $16,563.40 $33,913.37 
$15,930.07 $56,757.38 $106,138.07 
‘Table based on: Jaeger, S. 1977. Presentation to the North Pacific Fisheries Management Council on the subject of foreign joint ventures. Unpubl. manuscr., 28 p. North Pacific Fishing Vessel 
Owners Association, Seattle, Wash. 
?Pacific whiting fishing season, 1 May through 31 October. 





the 18th Congress. The catch was 
transfered to the Soviets by detaching 
the ‘‘cod-end’’ with the fish. 

This historic event occured after an 
amendment to the Fisheries Conserva- 
tion and Management Act of 1977, an 
act which initially provided U.S. 
fishermen with preemptive access to all 
waters within 200 miles of the U.S. 
coast. The amendment to this act, pas- 
sed in August 1978, gave U.S. proces- 
sors first option to process fish within 
this zone. Until domestic processors 
develop the capabilities needed to pro- 
cess this vast biomass, foreign proces- 
sors are allowed to enter and offer their 
processing vessels as markets to U.S. 
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fishermen. Whether it be a domestic or 
foreign processor, the U.S. fisherman 
is now guaranteed a market in which to 
sell his fish. 


Vessel Characteristics (1)° 


The Lady of Good Voyage is an 86- 
foot by 26-foot steel stern ramp trawler, 
designed to fish for high volume, low 
unit value species of fish, like Pacific 
whiting, that inhabit waters in close 
proximity to port. Other vessel charac- 
teristics are listed in Table 1. In this 


3Numbers in parentheses refer to item listing in 
Table 1. 


paper, this vessel is used as a hypotheti- 
cal model to exhibit various processing 
capabilities, methods of icing fish, and 
fishing strategies, depending on the 
mode of fishing. 


Delivery Modes (2) 


Three different modes of fishing, A, 
B, and C, are discussed in this paper. 
Mode A entails delivering fresh-caught 
Pacific whiting in the round to a shore- 
based plant located within about 60 
miles from the fishing grounds. The 
product would be quick chilled im- 
mediately after bringing it on board. 
Chilled seawater is the method used in 
this mode for chilling. 





Mode B entails delivering fresh- 
caught headed and gutted whiting to a 
shore-based plant located within 60 
miles of the fishing grounds. Heading 
and gutting of the fish would be done on 
board the fishing vessel as soon after 
catching as possible. The product 
would be packed in ice provided by the 
shore-based plant. 

In Mode C fresh-caught whiting 
would be delivered in the detachable 
“‘cod-end’’ portion of the net to an 
ocean-based processor variably located 
on the fishing grounds. 

Due to the nature of this vessel and 
the scope of this paper, filleting Pacific 
whiting on board ship has not been 
mentioned. A filleting operation re- 
quires from 12 to 15 men and a vessel 
well over 100 feet in length. 


Delivery Modes (2) 


The three different fish delivery 
modes chosen assume that a school of 
whiting is located about 6 hours run- 
ning time from the main port. The pur- 
pose of choosing these three modes of 
delivery revolve around the question 
concerning the time it takes Pacific 
whiting to spoil. 

Pacific whiting migrating along the 
west coast of the United States contain a 
high incidence of microscopic myxo- 
sporidian parasites (Kudoa sp.) in their 
flesh. Pacific whiting containing these 
parasites in moderate amounts have a 
serious proteolysis of the tissue, reduc- 
ing the edible portions of the product to 
a mushy unpalatable consistency 
shortly after it is hauled on board (Das- 
sow et al., 1970). 

The main variables which determine 
its deterioration are heat, the quality of 
shipboard handling, the amount of time 
before the fish is refrigerated or proces- 
sed, and the degree of parasite inci- 
dence. According to Tom Dark of the 
National Marine Fisheries Service 
(pers. commun.), the amount of time it 
takes this fish to become unfit for 
human consumption without refrigera- 
tion is about 4 hours on deck. Personnel 
involved with handling whiting catch 
aboard the Soviet processing vessel 
state that the fish must be processed 
within 2 hours to make an acceptable 
food-grade quality product. Wally 
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Welch (pers. commun.), a veteran 
Pacific whiting fisherman from Astoria, 
Oreg., insists that after 1 hour in the 
ocean, the catch is fit only for fish meal. 

Logistically, a fisherman is left with 
three options. An alternative that has 
met with considerable success, mode 
C, is to simply tow the catch to a nearby 
processing vessel, ‘‘unzipper’’ the de- 
tachable cod-end portion of the net and 
transfer it by some means to the ramp of 
the processing vessel. 

An early method of transfer involved 
having a Russian BMRT drop a line off 
the stern ramp with a buoy attached. 
The trawler, after bringing in the catch, 
would attach the cod-end to the line and 
the Russian vessel would haul the catch 
aboard for processing. 

A much more efficient method now 
being used involves simply tieing a 
buoy to the cod-end after the trawler 
brings in the catch and radioing the fac- 
tory ship to collect the tow. The ef- 
ficiency of this delivery mode is furth- 
ered by allowing the fishing vessel a 
maximum amount of time to trawl and 
stay on the main school of fish. 

A second delivery alternative for the 
Pacific whiting fisherman is to haul the 
catch aboard his own vessel and quick- 
chill the product in either chilled or 
refrigerated seawater. With adequate 
ice storage, a fisherman could readily 
adapt a chilled seawater system into the 
hull of his vessel. 

There are limitations to this mode of 
delivery, however. It appears that with 
the present state of the art, Pacific whit- 
ing kept in chilled seawater remains at 
an acceptable marketable quality for up 
to 3 days (Dassow et al., 1970). Be- 
cause the quality rapidly deteriorates 
after this time, a 2 day maximum would 
be the limit for mode A. 

A third alternative for a fisherman is 
to upgrade the product before delivery, 
such as in mode B. By installing a head- 
ing and gutting machine on board the 
fishing vessel, a fisherman can haul his 
catch aboard, head and gut the product, 
and pack it in ice. This would increase 
the price of the raw material by roughly 
250 percent. (The 1978 price paid for 
headed and gutted Pacific whiting from 
Pacific Hake Fisheries, Astoria, Oreg., 
was 15 cents/pound.) Headed and gut- 


ted Pacific whiting, if handled prop- 
erly, will retain good quality up to 3 
days. 


Crew (3) 


In each of these fishing modes, the 
work load expected of the crew is con- 
siderable; therefore, rotating the crew 
members would be a desirable means of 
increasing vessel production while al- 
lowing each of the crew a break in the 
action. Having an extra crew member 
assures the vessel an adequate crew in 
case of sickness or accident, increases 
the efficiency of a vessel, and allows 
enough rest for each crew member to 
secure a safe working environment on 
board. 

The four working crew members on 
board fishing mode C, with the trawler 
delivering to a floating processor, are 
adequate to handle the fishing, gear 
handling, and product transfer. Accord- 
ing to Barry Fisher, skipper of the Lady 
of Good Voyage , with increased fishing 
and technological efficiency in the fu- 
ture, three working crew members 
could very well be adequate for this 
fishing mode (pers. commun.). 

Since fish hauled aboard the trawler 
using fishing mode B would have to be 
split and sorted on deck, this trawler 
would require four crew members han- 
dling the gear while two crew members 
operated the heading and gutting 
machine. Crew members would have to 
alternate between handling the gear and 
icing the finished product; therefore 
six crew members would be needed for 
fishing mode B. 

Five crew members would be suf- 
ficient in mode A to handle the gear, ice 
the raw product in chilled seawater, and 
run it to a shore based facility. 


Operating Schedules (4) 


This paper uses a focal point 20 miles 
off Heceta Head as the location of the 
fishing grounds, and Coos Bay as the 
respective home port for shore-based 
facilities. This point was arrived at by 
investigating previous accounts of Rus- 
sian trawler activity off the Coast of 
Oregon in 1966 and 1967 (Hitz, 1970), 
in addition to using the area where most 
activity took place during the 1978 
Pacific whiting season. Within this 
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general area, a trawler has about 20-60 
miles to cruise between port and the 
fishing grounds. An approximate 
maximum cruising time can be listed 
here as 6 hours, if average cruising 
speed is 10 knots. 

A trawler with mode C’s intentions is 
benefited with a more flexible operating 
schedule than a vessel delivering the 
product to shore. If the vessel encoun- 
ters favorable fishing conditions, time 
at sea could be extended much more 
than if the vessel were limited with prod- 
uct delivery limitations encountered 
by modes A and B. The only necessary 
tasks that would be performed in port 
by mode C would be refueling, picking 
up groceries, and rotating the crew. 

Fishing schedules vary tremendously 
within the inherent flexibility found in 
mode C. One Pacific whiting fisher- 
man projects a rather demanding 
schedule of rotating an entire crew after 
7 days of steady trawling. This projec- 
tion recognizes no down time what- 
soever. Another less strenuous 
schedule suggests fishing for 5 days in- 
terrupted by 2 days of down time. 

Based on these projections, a practi- 
cal fishing schedule for mode C can be 
listed at 8 days fishing followed by 2 
days in port. This represents a 
maximum of 24 fishing days a month, 
or at best, 144 fishing days annually. 
Off the coast of Oregon, however, a 
fisherman can expect to confront 
weather complications that often force 
a vessel to stay in port a few days. 
Rough seas are compounded by the ef- 
fect of shallow river bars, making pas- 
sage unsafe. Barry Fisher, a veteran 
fisherman to the Oregon coast, expects 
a total of 11 days of adverse weather to 
prevent fishing and delivering to a float- 
ing processor. The majority of “‘down 
days’’ would occur in May (2 or 3 
days), September (2 days), and October 
(3 days), while one day down would be 
all that one might expect in June, July, 
and August. Assuming the vessel is 
new and time out for breakdowns is 
minimal, this report discounts 144 total 
annual fishing days by 11 for adverse 
weather. This makes 133 days as the 
total number of annual fishing days 
when delivering to a floating processor. 

For vessels delivering fish to a 
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shore-based plant, the limiting factor is 
not the capacity of the vessel, but the 
limited amount of time the fisherman 
has before the product becomes unmar- 
ketable. The main limiting factor for 
the vessel heading and gutting Pacific 
whiting, with the present state of the 
art, is the amount of fish that can physi- 
cally be headed and gutted in a day. 

For mode A, the maximum safe 
amount of time Pacific whiting is able 
to keep in chilled seawater is 2 days. In 
addition, at this time, Pacific whiting 
cannot be fished at night with any suc- 
cess because they feed in a dispersed 
fashion near the surface. These limita- 
tions allow a maximum number of 2 
days fishing for mode A, with a 
minimum of | day at port to unload, 
refuel, restock supplies, and rotate the 
crew. Extrapolated throughout a 
month, this represents a total of about 
20 days fishing per month, or 120 days 
fishing per season, not including time 
out for weather and other complica- 
tions. 

Twenty days have been assigned 
modes A and B as the number of days 
held in port due to adverse weather. 
This represents more down time than 
mode C because of the greater suscepti- 
bility to extreme seas over river bars, 
and complications that might occur 
from bringing the product in when a 
shore plant is closed. This leaves mode 
A with a maximum of 100 fishing days 
a season. 

When considering the fishing 
schedule for mode B, however, a 
slightly longer amount of fishing days 
are allotted due to the fact that Pacific 
whiting will keep longer in ice as a 
headed and gutted product than round 
product will in chilled seawater. With 
headed and gutted Pacific whiting up- 
holding its quality for 3 days, a fishing 
vessel in mode B could optimistically 
fish for 3 days, run in, unload for a day, 
and return for another 3 days of fishing. 
This schedule is reduced to a less de- 
manding, more practical framework by 
alternating 3 day fishing periods with 1, 
then 2 day increments of down time. 
Extrapolated consistently throughout 
the season, the mode B fishing schedule 
shows an average of 20.5 days of 
fishing per month, or a total of 123 


fishing days a season. Subtracting 20 
days calculated for presumed down 
time, mode B is left with 103 total 
fishing days per season. 

It must be remembered, that with the 
present understanding of Pacific whit- 
ing product shelf life, there is a good 
possibility of delivering fish that is 
below food-quality standards. Modes A 
and B might expect 10-40 percent 
weigh-back (bad product rejection) due 
to a myriad of reasons. Mode C has less 
chance of delivering a substandard 
product because the close proximity of 
the trawler and processor implies less 
chance of fish spoilage. 


Daily Catch Rate (5) 


Schools of Pacific whiting arrive off 
the coast of Oregon in enough numbers 
that warrant fishing to begin off Coos 
Bay around the first of May. Catch rates 
increase throughout this month and re- 
main at a high level from June through 
September as populations of Pacific 
whiting continue their feeding migra- 
tions northward into Washington. In 
October, catch rates taper off. 

Even though this paper analyzes 
three separate methods of delivering 
freshly caught Pacific whiting, it can be 
assumed that a given vessel will be able 
to catch as much fish with a given 
amount of effort as a similar vessel with 
a different mode of delivering fish. 

The Lady of Good Voyage, toward 
the end of the 1978 whiting season, was 
able to pull in tows of up to 17 t in 8 
minutes. Barry Fisher expects to land 
from 1,000 to 1,200 t of whiting in the 
months of June through September. In 
May and October, the catches would be 
a little less at 700 and 800 t, respec- 
tively. Therefore, 42 t a day could be 
achieved as an average amount caught 
throughout the season. 

This catch rate is representative 
when compared with an estimated catch 
rate worked up by Hillstrom Shipbuild- 
ing Co. of Seattle (Andrews*). Based 


*Andrews, R. 1978. Economic appraisal of 
catcher/processor to produce Pacific whiting 
fillets. Unpubl. manuscr., 17 p. Hillstrom Ship- 
building Co., Bellevue, Wash. 





on the 1976 vessel observer program, 
three Polish trawlers had a total catch of 
11,400 t. There were 995 tows of ap- 
proximately 2 hours each producing an 
average catch per tow of 11.45 t, 
thereby, a daily catch rate of 51.525 t 
with an average number of tows per day 
at 4.5. This large fish catch can be dis- 
counted when taking into consideration 
the Polish vessel size and the sub- 
sequent depth of tows. 

Since Pacific whiting has such deli- 
cate flesh, the emphasis with this 
fishery is not to catch overwhelming 
amounts of fish per tow, but to catch a 
maximum amount in a tow and still 
maintain a quality product. Wally 
Welch, skipper of the Willapa Bay , has 
been fishing Pacific whiting for many 
years off Astoria, Oreg. Welch has said 
that 15,000 pounds in one tow is the 
maximum amount desirable to maintain 
quality standards set up by markets in 
the United States. Welch presently pro- 
cesses Pacific whiting into fillets on 
shipboard for delivery to shore 
facilities. 

However, Walter Pereyra, Vice 
President of Marine Resources Inc., 
stated that to maintain standards of 
quality and to achieve a Soviet process- 
ing throughput of 60-70 tons a day, 
fishermen fishing for Marine Resources 
Co. would most likely be limited to 12 
tons a tow. To help achieve this, new 
designs are being instituted for the 1979 
season. ‘‘Windows’’ are being im- 
plemented into the upper level of the 
cod-end so that when a desirable 
amount of catch is achieved, the re- 
maining portion will be able to spill out. 
Pereyra also indicated that since the 
product processed aboard Russian 
BMRT’s belongs to Marine Resources 
Co. and competes with frozen whiting 
blocks on the world market, quality 
standards can be expected to be strin- 
gent enough so that if any portion of the 
delivered product is fit only for fish 
meal, the fishermen can expect a lower 
price to be paid as a result. 

Forty-two tons a day is the amount of 
fish caught that was achieved by a very 
efficient trawler making in the range of 
2-6 tows per day. Catch per unit effort 
in this fishery is likely to be sustained in 
the foreseeable future as foreign fishing 


effort is gradually replaced by domestic 
fishing effort. 

Given the present state of the art, a 
vessel delivering headed and gutted fish 
will not be able to catch 42 tons a day 
because the majority of it would spoil 
due to the amount of fish the heading 
and gutting machine can process in a 
day. 

The Baader 160 is a West German 
heading and gutting machine. The 
amount of fish headed and gutted de- 
pends on the operator’s skill and ocean 
conditions. Experienced Soviet seamen 
are reported to head and gut 45 fish/ 
minute in calm seas, but a workable 
figure can be pegged at 35 fish/minute, 
given crew’s breaks, sea conditions, 
machine problems, and degrees in crew 
efficiency. Heading and gutting 35 
fish/minute yields 2,100 fish/hour, and 
since the average whiting weights 2.2 
pounds (Nelson and Larkins, 1970), the 
total weight of raw product processed 
per hour is estimated at 2.31 tons. As- 
suming a heading and gutting machine 
might begin operating at 8 a.m. and 
finish processing at 11 p.m., operating 
continuously by a rotated crew, the 
total number of hours operated per day 
will probably be around 15. Heading 
and gutting for 15 hours will allow a 
gross weight of 34.65 tons to be pro- 
cessed per day. Since the yield on a 
headed and gutted Pacific whiting is 
roughly 60 percent, 20.79 tons of 
headed and gutted Pacific whiting is the 
estimated weight delivered per day for 
mode B. 


Annual Catch Rate (6) 

The calculation of annual catch rate 
is derived by multiplying the daily 
catch by the number of days fished per 
season. 


Ex-Vessel Price (7) 


For round Pacific whiting, Marine 
Resources Co. offered $0.06 a pound 
when processed aboard Soviet BMRT’s 
in September and October of 1978. 


Gross Stock (8) 


This calculation is derived from mul- 
tiplying annual catch by the ex-vessel 
price. 


Fuel (9) 


As previously stated and for pur- 
poses of this paper, the Pacific whiting 
fishing grounds are said to be at the 
most, a 6-hour run from Coos Bay. 
Cruising at a speed of 10 knots, the 
vessel’s two highly efficient tur- 
bocharged diesels yield the vessel a fuel 
consumption rating of 30 gallons/hour. 
In addition to running between the 
grounds and port, cruising is also per- 
formed while searching for fish which 
has been reported to take place in this 
fishery about 3 to 4 hours/day. Fuel 
consumption is said to be the same for 
cruising as it is for trawling with this 
vessel, which takes place anywhere 
from 2 to 7 hours/day. Barry Fisher 
reports that an overall daily average of 
300 gallons/day was achieved by the 
Lady of Good Voyage over a 5.5 week 
period. This includes fuel used for the 
auxiliary engine. 

Rates of fuel consumption were 
based on 30 gallons/hour as an overall 
rate of consumption for trawling and 
prospecting. Each mode was broken 
down into respective hours running and 
fishing in conjunction with associated 
fishing schedules, minus fuel saved 
during calculated down time. 

Price for diesel fuel, when bought in 
quantities over 1,000 gallons at Ballard 
Oil of Seattle, was 41.6 cents/gallon. 
Due to price fluctuations a.ong the coast 
of Oregon and the probability of fishing 
time over and above the scope of these 
figures, 45 cents/gallon was the price 
used in computing fuel consumption. 

Mode C fishes a total of 192 hours/ 
month and runs between port and the 
fishing grounds 36 hours/month. Con- 
suming 30 gallons/hour, this vessel 
consumes 5,760 gallons of fuel while 
fishing per month. This implies the ves- 
sel will consume a total of 6,840 
gallons/month, or 41,040 gallons/ 
season. Allowing for a savings of 2,520 
gallons during the presumed down time 
of 11 days, at 45 cents/gallon, the total 
seasonal fuel expenditure for mode C is 
$17,334. 

Mode B fishes a total of 164 hours/ 
month and runs between port and the 
fishing grounds 84 hours/month. Con- 
suming the same 30 gallons/hour, this 
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vessel consumes 4,920 gallons of fuel 
fishing per month and 2,520 gallons 
running per month. The total fuel con- 
sumption of this vessel per month is 
7,440 gallons, or 44,640 gallons/ 
season. Allowing for a savings of 2,400 
gallons during the presumed down time 
of 20 days, at 45 cents/gallon, the total 
seasonal fuel expenditure for mode B is 
$19,008. 

Mode A runs between the fishing 
grounds and port a total of 126 hours/ 
month and fishes 140 hours for a total of 
266 operating hours per month. Con- 
suming 30 gallons/hour, mode A’s ves- 
sel consumes 42,180 gallons/season, 
excluding 5,700 gallons presumably 
saved during unscheduled down time. 
At 45 cents/gallon, this vessel’s total 
fuel expenditure stands at $18,981/ 
season. 


Provisions (10) 


A report to Members of the Nomen- 
clature Committee on Pacific Whiting 
by New England Fish Company listed 
the cost of groceries per trawler crew 
member at $11.00 per day when com- 
puting an economic impact for the 
fisheries complete utilization. This 
price is representative of 1978 food 
prices and assumes that no food is eaten 
on board while the vessel is in port. 


Ice (11) 


The 1978 price for flake ice when 
bought from Pacific Hake Fisheries in 
Astoria, Oreg., was $20.00 a ton. 

The amount of ice used per season 
varies tremendously between the three 
different modes. Obviously, no ice is 
used by mode C. 

A chilled seawater system (CSW) is 
utilized by mode A. The method of 
chilling the product with CSW is much 
faster and less complicated to operate 
than a refrigerated seawater system. 

Calculating the amount of ice needed 
by this mode involves adding the total 
amount of heat required to be removed 
from the product as well as the seawater 
medium in which it is held. Once this is 
determined, the amount of ice needed 
to meet this requirement is calculated as 
follows: 
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1) Assume: 
a) Fish holds are filled com- 
pletely with fish, seawater, ice 
mixture; 
b) The amount of energy needed 
to lower 1 pound of fish 
1°F =0.85BTU (British Ther- 
mal Units); 
c) The amount of energy needed 
to lower 1 pound of water 
1°F = 0.94BTU; 
d) 168,000 pounds of fish landed 
in 2 days plus 112,000 pounds of 
seawater used in hold equals 
e) 280,000 pounds of seawater 
and fish equal to the total weight 
capacity of the vessel; 
f) Fish cooled a total of 25°F, 
from 55°F to 30°F; 
g) Seawater cooled a total of 
20°F, from 50°F to 30°F; 
h) Ice yields 144BTU per pound; 
and 
i) 20 percent heat lost through 
hold wall and by other miscel- 
laneous losses. 


Then, ice required to cool 
finished load of saltwater and fish 
mixture: 

a) Fish load = 168,000 Ib 
0.85BTU/°F x 25°F 
3,570,000BTU; 

b) Water load = 112,000 lb 
0.94BTU/°F x 20°F 
2,105 ,600BTU; 

c) Total load =5,675,600BTU; 
d) Plus 20 percent wall and mis- 
cellaneous losses: 1,135,120 
BTU; 

e) Total amount of energy 
needed to freeze product: 
6,810,720BTU; 

f) Pounds of ice needed to fur- 
nish energy’ per _ trip: 
6,819,720BTU + 144 lb/BTU = 
47,296.66 pounds or 23.65 tons. 


Mode A will perform an estimated 50 
trips per season. At $20.00 a ton, this 
requires a seasonal ice cost of $23,650 
for this mode. 

Due to the difficulty in estimating 
heat loss on a vessel delivering headed 
and gutted product, the ice needed by 
this vessel is determined assuming ice 
will be loaded at 20 percent of the total 
estimated product weight. After 3 days 


of fishing, it is assumed that this vessel 
can head and gut 103.95 tons of whit- 
ing, yielding 62.37 tons of finished 
product at a 60 percent yield. The 
amount of ice needed to keep this prod- 
uct sufficiently cold is 12.47 tons. A 
trawler delivering headed and gutted 
whiting will perform an estimated 38 
trips per season, requiring 473.86 tons 
of ice per season. At $20.00 a ton, 
$9,477.20 will be needed for ice by this 
fishing mode per season. 


Lubrication, etc. (12) 


Cost of lubricating a vessel can be 
considered the same for each mode be- 
cause where one mode uses lubricants 
more in transportation, such as mode 
A, another mode makes up for the 
deficit in increased fishing time, such as 
mode C. 

This figure also denotes items like 
hoses, spare tools and parts, sanitation 
chemicals, and other items needed to 
maintain a safe and efficient operating 
condition on board. 


Contingency (13) 


A 5 percent contingency figure is 
used here due to the unpredictability of 
circumstances, especially in the 
fisheries industry. The two contingency 
figures are incorporated in the operating 
expense section and in the section list- 
ing fixed costs. 


Oregon State Landing Tax (14) 
(0.0025 ¢ per pound) 


At this time, floating processors 
operating in Federal waters are not sub- 
ject to State taxes. However, duties 
paid on finished products brought into 
the United States affect the processor in 
such a way as to probably lower the 
price for raw materials in the future. At 
this time, however, there is no way to 
represent this. 


Gross Profit For Division (15, 16, 17) 


This figure highlights and distin- 
guishes the actual amount of profits per 
unit effort of the different fishing 
modes. 

There are countless methods used to 
divide gross profit. The method used in 
this report is basic and does not go into 
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the details that make each fishing vessel 
different from the next. 

The gross profit was divided in sucha 
way as to have the crew receive 35 
percent, the captain 15 percent, and the 
vessel 50 percent. To arrive at a crew 
share figure, the crew percentage was 
divided by the number of crewmen 
working for the vessel. 


Gross Vessel Share (18) 


The total sum left to the vessel for 
fixed annual costs. 


Gear Maintenance (19) 


The net presently used on the Lady of 
Good Voyage is a Polish rope wing 
trawl at an estimated cost of $15,000. 
This cost is used as a conservative esti- 
mate of annual gear maintenance. 


Hull Insurance (20) 


This figure represents 1.75 percent of 
vessel value. This is a rather low esti- 
mate due to the fact that this is a new 
vessel. The figure covers the vessel for 
6 months of mid-water trawling for 
whiting and another 2 months of bottom 
fishing. 


Protection and Indemnity (21) 


The cost represents a figure of 
$2,500 per operating crewman, with a 
limit of $1 million. 


Depreciation (22) 


The method of depreciation used 
here is the declining balance method. 
The reason this method is used is to 
write off the vessel using a more expe- 
dient method in order to afford a more 
favorable tax posture. One should note 


here that depreciation values in the 
early years of ownership are consider- 
ably higher than other methods of de- 
preciating equipment. Depreciation 
figures are not to be deducted from cash 
flow estimates. 

The machinery and electronics are 
written off in 8 years and represent 40 
percent of the vessel, while the hull and 
other structures are written off in 15 
years and represent 60 percent of the 
vessel. Salvage value on the machinery 
and electronics is $36,040.65 and is 
$63 486.31 on the hull. 


Business and Indebtedness (23) 


This figure assumes a loan of 
$750,000 at 10 percent per annum. 


Income Taxes (24) 


Taxes used in this report are in line 
with the corporate income tax structure: 
1) 20 percent on first $25,000 of taxable 
income. 2) 22 percent on taxable in- 
come in excess of $25,000. 3) A sur- 
charge of 26 percent on taxable income 
in excess of $50,000. 
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submitted for publication elsewhere, and is 
ready for publication as submitted. Com- 
merce Department personnel should submit 
papers under completed NOAA Form 25- 
700. 

Manuscripts must be typed (double- 
spaced) on high-quality white bond paper 
and submitted with two duplicate (but not 
carbon) copies. The complete manuscript 
normally includes a title page, a short 
abstract (if needed), text, literature cita- 
tions, tables, figure legends, footnotes, and 
the figures. The title page should carry the 
title and the name, department, institution 
or other affiliation, and complete address 
(plus current address if different) of the au- 
thor(s). Manuscript pages should be num- 
bered and have |'%-inch margins on all 
sides. Running heads are not used. An 
‘*Acknowledgments”’ section, if needed, 
may be placed at the end of the text. Use of 
appendices is discouraged. 


Abstract and Headings 


Keep titles, heading, subheadings, and 
the abstract short and clear. Abstracts 
should be short (one-half page or less) and 
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double-spaced. Paper titles should be no 
longer than 60 characters; a four- to five- 
word (40 to 45 characters) title is ideal. Use 
heads sparingly, if at all. Heads should con- 
tain only 2-5 words; do not stack heads of 
different sizes. 


Style 


In style, Marine Fisheries Review fol- 
lows the **U.S. Government Printing Office 
Style Manual.*’ Fish names follow the 
American Fisheries Society's Special Pub- 
lication No. 6, “‘A List of Common and 
Scientific Names of Fishes from the United 
States and Canada,”’ third edition, 1970. 
The **Merriam- Webster Third New Interna- 
tional Dictionary”’ is used as the authority 
for correct spelling and word division. Only 
journal titles and scientific names (genera 
and species) should be italicized (under- 
scored). Dates should be written as 3 
November 1976. In text, literature is cited 
as Lynn and Reid (1968) or as (Lynn and 
Reid, 1968). Common abbreviations and 
symbols such as mm, m, g, ml, mg, and °C 
(without periods) may be used with numer- 
als. Measurements are preferred in metric 
units; other equivalent units (i.e., fathoms, 
°F) may also be listed in parentheses. 


Tables and Footnotes 


Tables and footnotes should be typed 
separately and double-spaced. Tables 
should be numbered and referenced in text. 
Table headings and format should be consis- 
tent; do not use vertical rules. 

Literature Citations 

Title the list of references **Literature Ci- 
tations’” and include only published works 
or those actually in press. Citations must 
contain the complete title of the work, inclu- 
sive pagination, full journal title, the year 
and month and volume and issue numbers of 
the publication. Unpublished reports or 
manuscripts and personal communications 
must be footnoted. Include the title, author, 
pagination of the manuscript or report, and 
the address where it is on file. For personal 
communications, list the name, affiliation, 
and address of the communicator. 


Citations should be double-spaced and 
listed alphabetically by the senior author's 
surname and initials. Co-authors should be 
listed by initials and surname. Where two or 
more citations have the same author(s), list 
them chronologically; where both author 
and year match on two or more, use lower- 
case alphabet to distinguish them (1969a, 
1969b, 1969c, etc.). 

Authors must double-check all literature 
cited; they alone are responsible for its accu- 
racy. 


Figures 


All figures should be clearly identified 
with the author's name and figure number, if 
used. Figure legends should be brief and a 
copy may be taped to the back of the. figure. 
Figures may or may not be numbered. Do 
not write on the back of photographs. 
Photographs should be black and white, 8- 
x 10- inches, sharply focused glossies of 
strong contrast. Potential cover photos are 
welcome but their return cannot be guaran- 
teed. Magnification listed for photomicro- 
graphs must match the figure submitted (a 
scale bar may be preferred). 

Line art should be drawn with black India 
ink on white paper. Design, symbols, and 
lettering should be neat, legible, and sim- 
ple. Avoid freehand lettering and heavy let- 
tering and shading that could fill in when the 
figure is reduced. Consider column and 
page sizes when designing figures. 


Finally 


First-rate, professional papers are neat, 
accurate, and complete. Authors should 
proofread the manuscript for typographical 
errors and double-check its contents and ap- 
pearance before submission. Mail the man- 
uscript flat, first-class mail, to: Editor, 
Marine Fisheries Review, Scientific Publi- 
cations Office, National Marine Fisheries 
Service, NOAA, 1700 Westlake Ave., N., 
Room 336, Seattle, WA 98109. 

The senior author will receive 50 reprints 
(no cover) of his paper free of charge and 
100 free copies are supplied to his organiza- 
tion. Cost estimates for additional reprints 
can be supplied upon request. 
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